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ABSTRACT 


The purpose of this study was to discover if any sig- 
nificant differences existed between elementary school pupils 
with respect to their ability to classify physical objects; 
such ability being measured in terms of number and type of 
classification criteria used and speed of performance of the 
classification exercise, 

A sample of one hundred and eighty children, composed 
of thirty children from each grade (ninety each from the 
Edmonton Public and County of Strathcona school systems) was 
used in this study, Each student was assigned to a high, 
average, or low intelligence group within his grade level on 
the basis of 1.0. scores as recorded in his cumulative record 
or on the basis of the recommendation of his teacher, 

The children in the sample were presented individually 
with a classification task based upon twelve different sub- 
stances, each of which was contained within a square bottle, 
The children were encouraged to classify the contents of the 
bottles in as many ways as they could, and their performance 
was evaluated on the basis of speed and upon the total number 
of classifications made, A record was kept of the criteria 
used by each child in order to determine if there were any 
differences in criterion preference between grades, I.Q. 
groups, and sexes, 

The data were subjected to analyses of variance, 


Decisions to accept or reject hypotheses were made at the 
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0.05 level of signiticance for F and "t" tests, and at the 
0.10 level of significance for the Scheffé test, 

The results of this analysis showed that there were 
no significant differences between boys and girls in classifi- 
cation abilities or criterion preference, With respect to 
intelligence, the high I.Q. group in general performed better 
than the average and low groups, especially on the power score 
variable, and did not prefer color as a criterion as much as 
the low I.Q. group. The largest differences in classification 
abilities were found between grade levels; the evidence indicat— 
ing that a growth in such abilities occurs between grades one 
and three, This growth in classification ability then appears 
Lo (taper oOLbt wbriéetly sbhutqresumes tiromggredes, Lourhtoesiax ge 4 
difference in criterion preference is revealed with respect to 
grade level, with grades one and two preferring the criterion 
of color and grades three to six seeming to prefer the criter- 
ion of liquid vs. solid state, 

The main implication of this study was that experi- 
ences designed to improve the classification abilities of 
children should be continued at least up to grade six since 
no peak in these abilities is reached before that time, 

It is hoped that the classification task used in this 
study, or others similar to it, will he found useful by class- 


room teachers for determining the classification abilities of 


their students, 
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Chapter 1 
INTRODUCTION TO THE STUDY 
THE PROBLEM 


The province of Alberta introduced a new science cur- 
riculum into its elementary schools in September 1968, This 
"new" science curriculum differs in several fundamental ways 
from the "old" curriculum, One of the most important additions 
to the list of course objectives is the requirement that the 
development of students' inquiry skills be attempted. The 
statement of the new objectives concerning inquiry skills 


reads: 


Asa result of science Instruction, the elementary school 

pupil should: 

(a) -develop the ability to inguire, i.e., ability to 
think and investigate science through the use of 
process skills (behaviors) such as observing, clas- 
sifying, communicating and inferring (Curriculum 
Guide, 1969, p. 5). (See Appendix A for a complete 

list and description of the processes.) 


This objective is not a minor one, but forms an integral part 
of the total«course and) is’ given a valuevequal to that of the 


acquisition of concepts, As stated in the Curriculum Guide 


(1969): 


The new elementary school science program has two 
fundamental but inseparable objectives, By emphasizing 
the development and use of inquiry skills as tools of 
investigation, the program is designed to enable the 
student to become an active and dynamic investigator of 
science, To have the student develop basic science con- 
cevtspiseavsecondgaim (py Sieceen galbetintentersythas 
the teacher will develop a balanced program where process 
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and content receive equal emphasis (p. 7). 

Since the elementary science curriculum now has two 
fundamental objectives, it is imperative that both curriculum 
and student evaluation he interms of both these objectives. 
Traditionally, teachers have evaluated only the student's 
ability to recall memorized information, "If the new approach 
in science is to succeed, a radical change in evaluation pro- 
cedures 1s essential ‘(CurriculumeGuirde 1969. 7599) oY Riis 
necessary, radical change in evaluation procedures, however, 
has become the fly in the ointment, The successful imple- 
mentation of the inquiry approach to science depends upon a 
successful change in methods of evaluation, In the last ten 
years, in Spite of all’ the attention given to the inquiry 
approach to science teaching, no one has yet developed and 
completely validated a test of science inquiry skills, Many 
educational organizations are attempting to solve this problem 
but, until they do, most of the burden of inquiry skill evalu- 
ation depends on the intuition of the classroom teacher, 

It is suggested by the Curriculum Guide (1969, p. 9) 
that teachers make a checklist of inquiry skills for each 
student and, through individual observation and subjective 
judgment, rank the student according to his inquiry abilities, 
However, even with this method the teacher must use some cri- 
teria for making a subjective judgment. What are these cri- 
teria to be? What sort of behavioral skills related to each 
of the inquiry skills should the teacher expect to observe in 


grade one students, grade two students, and so on through to 
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The answers to these questions can initially be found 
only by direct observation of the behavior of students working 
on tasks designed to require each of these process skills for 
their solution, In order to make a start on the determination 
of answers to these questions, the process skill of classifica- 
tion was chosen for examination and analysis in this study. 
Classification was chosen because, in the words of Rawson 
(1965), “The earliest of these abilities to develop, [i.e. 
the abilities involved in logical thought] appears to be 
simple class@#ireatron "(ps 44) 2" " It we the intention of the 
writer to carry out further research on the remaining process 
skills in order, hopefully, to build a significant body of know- 
ledge concerning all the process skills of inquiry. Such a 
body of knowledge may prove useful as an aid to the develop- 
ment of validated written tests of process skills for the 


elementary grades, 
THE, PURPOSE 


The purpose of this study was three fold: 

12. To discover and déscribe the present level of 
Classitieation ability, in terms of the number of classiiica-— 
tions made, for a sample of children in each I.,Q. group in 
each of the grades one through six. 

2. To discover if a relationship exists between the 
number of classifications made, grade level, and I1.Q. 


3. To’ discover some of the criteria normal children 
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A 
use to classify objects, and to discover whether these criteria 


tend to change with grade level, 
SIGNIFICANCE OF THE STUDY 


In view of the generally inconclusive nature of the 
research on the classification abilities of children in grades 
one through six, and because of the necessity of evaluating 
students and science curricula partially on the basis of the 
development of process skills, it is hoped that this research 
wall: 

dy SGives teachers -awcriterironeby which they may judge 
the classification abilities of their students in grades one 
theoughs sixe 

2. Indicate at which grade levels emphasis on clas- 
Saiucation skills+can be most productave., 

3, Indicate any relationships which may exist between 
classification ability and (a) sex, (b) 1.Q. 

4, Give some indication of the type of classification 
criteria children in different grades think of, and the order 
in which they think of them, 

5. Prove useful in the validation of written tests 


of classification ability. 
DEFINITIONS 


The following five terms have restricted and special 
operational meanings for the purpose of this study, and shall 


be used as hereinafter defined: 
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i Classification, The term classification is used 


curricuium Guide . - ULrOUpIng arlecves, 
objects and ideas on the basis of some observable property or 
properties Cp. 7) a" 

2. Intelligence, Intelligence is designated as high, 
average, or low according to the subject's most recent intel- 
ligence test. For the purpose of this study the highest 20 
percent of the students in each grade will be designated the 
high I.Q. group. The lowest 20 percent of the students in 
each grade will constrtite the low 170. oroupeand the middie 
COmvercent of “the students wilt make up tne, average 1.0. igroun: 

3, Classification Power Score, Each "appropriate" 
(see Scoring, page 40, for details) classification criterion 
identified by the student will receive a value of ten, One 
point will be subtracted from this score for each mistake made 
in assigning a particular sample to a specific classification 
group. The classification power score will be the sum of 
these criterion values, 

Bag oe LLCS) OE Oe CO Oe oe ee 
taken to think of each of the first five criteria and com- 
plete the sorting appropriate for such criteria will be the 
classification speed score (i.e. the sum of the time intervals 
forthe first five classifications divided by five). 

5. Composite Classification Score, The composite 
classification score will be obtained by dividing the power 


score by the speed score. 
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HYPOTHESES 


1, There is no significant interaction between grade 


level and 1.Q. with respect to: 


(a) 
(b) 
(c) 


2. There 


Classification power score, 
Classification speed score, 


Composite classification score, 


is no significant interaction between grade 


level and sex with respect to: 


Ca) 
(b) 
Cc) 
52. there 
andsgirls) in? 
Ca) 
(b) 
Ce) 


Classification power score, 
Classification speed score, 
Composite classification score, 


is no significant difference between 


Classification power score, 
Classification speed score, 


Composite classification score, 


in each of the grades one through six, 


ApPpmlhece 
average, and high 
Ca) 

(b) 

Ce) 


is nocsignitucant (difference between 
PeOsestudents ane 
Chassificatironnpower: score; 
Glassificatuon speed seore,; 


Composite classification score, 


in each of the grades one through six, 


5. efhere 


rns 


is no significant difference between 


boys 


low, 


students 
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(a) Classification power score, 
(b) Classification speed score, 
(c) Composite classification score, 


in each of the grades one through six, 
LIMITATIONS 


Heisenberg has drawn to our attention what might be 
called the universal limitation of research in physics. As 
he stated, "We can no longer speak of the behavior of the 
particle independently of the process of observation (Heisenberg, 
1958, p. 15)," It is worth considering that in a similar way, 
in education, the very process of observation creates a 
disturbance in the behavior one is attempting to measure, 

More specitically,-however, when interpreting the findings of 
this particular study one must, in addition, keep in mind the 
following limitations: 

1, Students from grades two to six have been involved 
in the "new" science curriculum for only two years. After the 
program has been in effect for six years, a study similar to 
this may produce different results for student performance on 
the classification task, 

2. No screening of students for defects such as in 
color vision or form descrimination was carried out, 

3. No special check on the equality of the grade and 
1.Q. groups, with regard to confounding variables such as socio- 
economic status or previous history, was made, It was assumed 


that the random selection of students ensured this equality, 
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A. Although the test of classitication aollity used 
has construct validity, no attempt was made to determine 
Psat tel Ly 

9. Not all the children in the study were tested 
with the ‘same, 1.0 test. For 15. percent of the children 
there was no 1.Q. score available, so they were placed 
according to the judgment of their classroom teacher, . Taking 
these facts into account, some discretion must be exercised 
in the interpretation of the results which involve grouping 
OMmtulesNasiseot 1.0. 

6, Although an attempt was made to minimize the 
effect of the teacher variable it must not be discounted, 
For example, a difference of interest or training in science 
instruction may exist between primary and upper elementary 
teachers which may account for some of the differences in 
classification abilities found between students from these 


two areas, 
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Chapter 2 


REVIEW OF THE LITERATURE 


In recent years elementary school science has been 
involved in a profound change in philosophical approach, The 
basic emphasis in science teaching has been shifting from a 
content to a process orientation, Many educational organiza- 
tions have tried to meet the challenge of introducing students 
to the processes of science by developing new curricula which 
stress the inquiry approach to learning science, Such new 
curricula include the AAAS Science—--A Process Approach, the 
Elementary Science Study, the Science Curriculum Improvement 
Study, and jthe Elementary School Science Project. In view of 
the innumerable curricula available, decisions must he made 
as to which best meet their objectives and are worthwhile from 
the standpoint of implementation, in whole or in part. In 
order to make these decisions, some means of evaluation must 
be developed, “It is well to aim for new outcomes in science 
teaching, but we must also consider how we shall know whether 


we are achieving them (Munson, 1967, p. 127)." 
THE EVALUATION OF, FROCESS SKILLS 


Welch and Walberg (1968) designed an evaluation guide 
for science curricula which indicates that a program should be 
evaluated on the basis of student gains in: (1) achievement 
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10 
(content), (2) understanding methods of science and scientists, 
(3) interest in science, (4) attitudes towards subject area, 
and (5) knowledge of the processes of science. Many people 
have evaluated the new inquiry based programs with respect 
to content achievement by students, but the results of such 
evaluations have been inconclusive, For example, Carpenter 
(1963) found that students inan inquiry based program learned 
factual matter more readily than "traditional" students, where- 
as Bennett (1965) found that “ingquiry" students did significantly 
poorer on a comprehension test and that no significant differ- 
ence existed between the "inquiry" and "traditional" groups 
in factual knowledge, 

The major problem which faces us, however, is evalu- 
ation of programs with respect to process skills, since no 
completely validated instrument for measuring process skills 
exists at this time, At present most of the support for the 
inguiry approach in science teaching is in the form of testi- 
monial evidence, J. S. Bruner (1961) states: 

It is my hunch that it is only through the exercise 

of problem solving and the effort of discovery that one 
learns the working heuristic of discovery, and the more 
one has practice, the more likely is one to generalize 
what one has learned into a style of problem solving or 
inguiry that serves for any kind of task that one may 
encounter--or almost any kind of task. . . . Of only one 
thing I am convinced. I have never seen anybody improve 


in the art and technique of inquiry by any means other 
than engaging in inquiry (p. 31). 


Nevertheless, there has been considerable effort expended to 
obtain experimental evidence concerning the acquisition of 
process skills, Peter Slinn (1969), using the STEP test, 


found significant differences in process skill acquisition in 
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1. 
two groups, both of which were using the inquiry approach to 
science, This serves as a reminder of the importance of the 
teacher variable in any program evaluation, Suchman (1960) 
and Butts and Jones (1966) found that scores on a test of 
problem solving ability were enhanced in students exposed to 
inquiry methods of teaching science. Scandura (1963) and de 
Tornyay (1967), on the other hand, found no significant dif- 
ferences in problem solving scores between "inquiry" and 
"traditional" students. Gagné (1962) found that his hypotheses 
concerning the hierarchy of process skills were supported by 
his experimental findings. He hypothesized that: 

(a) no individual could perform the final task without 
having these subordinate capabilities (i.e. without being 
able to perform these simpler and more general tasks); 
and (b) that any superordinate task in the hierarchy 
could be performed by an individual provided suitable 
instructions were given and provided the relevant sub- 
ordinate knowledges could be recalled by him (Cp. 356), 
The AAAS Commission on Science Education then quickly developed 
a curriculum called Science--A Process Approach (see AAAS 
Commentary for Teachers, 1968) based on Gagné's process skill 
hierarchy, Their self-evaluation stated: 
, . the behaviors designated by the authors of these 
exercises can he acquired by the intended audience of 
ehilddréen Cp. 73). ays children exposed to ihe pseience—— 
A Process Approach instructional materials acquire 


behaviors not already present in children who have not 
been exposed to these materials (AAAS An Evaluation Model, 


T9GG, peo )s a 
The commission's success in developing an instrument 
to measure the overall level of process skills in children has 


been somewhat slower. Correspondence with John R,. Mayor 


(director of education for AAAS) revealed that the commission 


| Ate § 

COaeL) preiey uadiaubive renner aqité ai tars 
MG tea) 8 10 eoKONe pedis atic AOL one fth 
61 odonte 2andbite i ivdaritia” op rida pms Toe Slee 
Shi Hine (ENCE) arvtibyHne {yonder yoidakod te bod) ym ev dpa 
Heb Sheds WAY Oe BH “asi Gyilte sAt Ae 9, CTCL) ququeret) 
bra youl ped” eho et aeyaya oly fre ina omy ini eurweet © 
wkorivagyll ‘aid sndd hayol PSAGLI Snps) ,2tuebiye’ % ee 
eo Kesretqne ave elke wavy Io vilbvetslil and pn iba 
sae buxiaestiodyrl of | .eprtbnt? bt | eet 
iwotiiw dea! tual? ef? antaioedq bf yen | dat ty Pate hie ys 
gdied vhantiw cast) aedal i ideqas osan thagdnu |: weant vert 

yawned begat ) sro bap seaiquce vauds Heer: | 
B in add nk wens O27 f hn ose qns are a 
daviga: BAbATA | Hbhivibni one (h-hditaobeay 


~due Yaavelay offs nahi Mori haw navi s49ay nuntdo tf 
Wee yq) mid vo bat ths’ gd Wives eonbalwomt gat 


saqeleveb yiadortup nod nottroull sonaivs no Matsa liotig® be | 
BAAR adn} qamergah. tenon fea geton: iol ae pk 
Likde senna 2 Bane) no beard (Heel er adonoT 4 yam 
theiete woPlatl6va=Piee «a 1an?t 
wilt wl las anode sb : 


— 


a we — a ae ae => — . 
: 7 ; om : 2. Y! a L _- oe 7 y al Bi 4 a Are 
7 en ar. ate .< : " ie : 
. 6 io - e “ : 
7 


nt oat eee nt sae ee 
Hie Wk WE waaiv eis 
om ei pate 


7 : 
ee 
nitol. , 


is currently testing, but has not yet validated a science 
process instrument (SPI) designed to test process skills in 
Hrades 10un sto Six, 

The question to be asked at this time is: How do we 
measure process skills? The analysis of standard science tests, 
such as STEP and TOUS, has shown a low weight on problem solv- 
ing and reasoning and a high verbal factor (Hukins, 19638; 
Mokosch, 1969), Other more recently devised tests, such as 
the Test of Science Processes (Tannenbaum, 1969) have yet to 
be validated, It is no mean feat to validate a paper and pencil 
test designed to measure a behavioral skill. As Lisonbee (1966) 
Warned, Lt 1s extremely difficult to make a test measure exactly 
what we want it to measure. We are just beginning to realize 
how little we know about testing. 

Lacking a validated process instrument, the suggestion 
has been made that teachers should evaluate students in process 
achievement by keeping anecdotal records and checklists, Even 
this suggested method is not without its problems, As Reiner 
(T9GG) states: 

A challenge to devise such observational techniques that 
are simple, economical of time, practical and yield useful 
data, has not been satisfactorily answered up to now, 

The need is great (p. 336), 
Thus, the inconclusiveness of the existing evidence 


on the acquisition of process skills and the measurement and 


evaluation of this acquisition points to the need for a great 


deal of further study in this area, 
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13 
PTAGETIAN THEORY OF CLASSIFICATION 


The importance of the process skill of classification 
has been well recognized by psychologists for over thirty years. 
This point was well emphasized by Bruner when he stated: 

"The learning and utilization of categories represents one of 
the most elementary and general forms of cognition by which 
man adjusts to his environment (Bruner, Goodnow, & Austin, 
1956, p. 2)." Bruner further went on to break down this im- 
portant skill into five distinct areas, He explained that the 
achievement of categorization would enable the organism to: 
(1) reduce the complexity of its environment, (2) identify 
the objects of its surrounding world, (3) reduce the necessity 
of constant learning, (4) provide direction for instrumental 
BCtily uty, and (5) order and relate classes of events. These 
achievements are only a start, however, as Bruner added, 

The moment an object is placed in a category, we have 

opened up a whole vista of possibilities for "going 


beyond" the category by virtue of the superordinate and 
causal relationships linking this’ category to others 


(9) 


(Bruner, Goodnow, & Austin, 1956, p. 13). 


Characteristic Criteria of Additive Classification 


oe a ee ee 


———— ae a 


Piaget*s definition of classification is as follows: 
"To find the common element in two given classes is to construct 
the relations between the given individuals and through this 
construction to reach a classification (Piaget, 1928," p. 196)." 
Piaget, in his detailed work on the development of classifi- 
cation in children (Inhelder & Piaget, 1964, p. 48), has out- 


lined the criteria which are characteristic of what he con- 
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14 
siders to be true additive classification, 

DP ihe first requirement of classification 1s that 
there must be no isolated elements left over after a group of 
elements has been classified, That is to say, all the elements 
must be classified, Even if an element is the only one of its 
kind it must give rise to its own specific (but singular) class. 

2, There must be no isolated classes, For every class 
A characterized by property “a" there must exist its comple— 
mentary class A characterized by the property "not a" (-a), 
such that A+A't=B, 

3. The class A must include all those elements having 
thes provperntyve ad. sanis, is oknown as themextension ofthe velass, 

4. The class A must include only those elements having 
the property "a", This is known as the intension of the class. 

5, All classes of the same rank must be disjoint. 

That is, no element may belong to two classes of the same rank 
simultaneously, AxA't=0, 

6, A complementary class At has its own character- 
istics which are not possessed by its complement A, 

7. ny class A is ineluded in every higher ranking 
class which contains all its elements plus other elements, 

For example, class B may contain all of A plus A‘; thus yield- 
ing the following relations: B=A+A't, A=B-A*, and AxB=A, which 
means “all" the A are “some" of the B. This characteristic 

is the necessary requirement for class inclusion which 
indicates true classification, 


8. Beyond the true class inclusion of paragraph 
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ies) 
seven above, there is an effort toward extensional simplicity 
in which the inclusions are reduced to the minimim compatible 
with the intensional properties (i.e, try to make the fewest 
possible piles), 
ys. Intensional simplicity, or use of similar criteria 
(eg. colors) which distinguish classes of the same rank, also 
becomes a goal, 

10, Finally one finds symmetrical subdivision, If a 
class B; is subdivided into A, and A;,*, and the same criterion 
is applicable to By , then Bo must likewise be subdivided 
into yA; and? Ap %. 

Ons the basis of these ten crurtervasPvaget descenibes 
thee fstages in the sdevelopment of classmitcatvon abilaty in 


children, 


Graphic Collections 

Stage I in this development is known as the stage of 
graphic collections, and is usually found in children between 
the ages of two to five years, This stage of development does 
not universally involve any of the ten characteristics of 
true classification, The term “graphic collection" refers to 
a spatial arrangement of the elements classified, when it 
appears that the configuration of the elements played an 
essential part in the eyes of the subject, Stage I classifi- 
cation, then, is characterized by perceptual configurations 
based on the shape of the whole, with no understanding of 


any need for the operation of a characteristic similarity 
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16 
Within? the class, 
Piaget described two properties which are necessary 
and sufficient to make a class; the intensive properties: 
(1) Ca) Properties which are common to the members of 
the given class and those of other classes to which it 
belongs, 

Cb) Properties which are specific to the members of 
the given class and which differentiate them from members 
olPother elasses (Cinhelder G@ Piaget, 96477 pi, li): 

and the extensive properties: 
(2) Part-whole relations of class-membership and inclusion, 
these are: conveyed by the quantadders) alii iy Vv some” 
(including “one") and "none", when applied to the members 
of the given class and to those of the classes to which 
it belongs, insofar as they are qualified under (la) and 
Clb) (CInhelder & Piaget, 1964, p. 17). 
These two properties are always in correspondence in true 
classification so that whenever one is known, the other can be 
détermined, However, in Stage I this correspondence does not 
exist, The children are perfectly able to discover relations 
of similarity and difference by successive assimilation but 
they frequently lapse into other forms of association, 
In particular they are constantly misled by consideration 
of pattern or by the situational and descriptive proper- 


ties of the material, Even more significant is the fact 


that because these assimilations are only successive they 
(9) 


cannot quantify their result (Inhelder & Piaget, 1964, 
p. 45). 


Thus, successive assimilations impose a limitation on the 
relationships of similarity and difference at the level of 
graphic collections, These relationships are only applied 
to objects in successive pairs and remain unconnected with 
part-whole relationships, “The graphic collection fthen) 


stands midway between a composite spatial object and a class 
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(inhelder cz Piaget, 1964, p, 19) ,* 

The problem that the Stage I child has with the 
meanings of "some" and “all" is related to these difficulties. 
Although the concepts related with these words exist in 
embryo they are not fully differentiated nor completely co- 
ordinated with one another, The word "all" to the Stage I 
child often admits exceptions while the word "some" occasion- 
ally includes “all", Class-inclusion (item seven on the 
criterion scale, page 14) is far beyond the abilities of the 
Stage I child, and even class-—membership cannot be achieved 
until there is a simultaneous awareness of the similarities 
and differences of the objects involved, 

There does not appear to be any definite sequence of 
sub-stages within the stage of graphic collections, However, 
certain recognizable, overlapping reactions do occur, Piaget 
describes three main types of graphic collections, The first 
involves*"Laying the objects in line; the line may be contin— 
uous or discontinuous (CInhelder & Piaget, 1964, p. 20)." For 
example, the child may start by putting two objects together 
which have a similar shape, The third object in the line, 
however, will not necessarily have the same shape as the 
others, Often it will be similar to the second of the two 
previous objects in some other property, say color. Thus 
activity continues, with each object being chosen on the basis 
of similarity with any one of a number of the properties of 


the preceding object, until all the objects belong to a con- 


tinuous or discontinuous line, 
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A second type of graphic collection is that of col- 
lective objects: “, , . graphic collections in two or three 
dimensions made up of similar elements, so that together they 
constitute an unbroken whole, this being a geometrical figure 
or pattern (Inhelder & Piaget, 1964, p. 20)." This collection 
may easily be mistaken for a more sophisticated categorization 
unless one is sure to ask about the reasons for the grouping. 
The reason given may make it clear that the child has not 
isolated the intensive and extensive properties of the class, 
but has merely used similar elements to facilitate making the 
"whole", 

Finally, sone finds, thes occurrence? om complex. objects: 
. zm ounlike coldective: obgectse., these! areematles iisout, O12 
heterogeneous elements, The end-product may be a geometrical 
figure, but it’ can also be descriptive or pictorial (Inhelder 
« Piaget.) 4964.) p.620)ac) |) Rawson GloOGo,p. 2 nidesionubes: this 
type of pre-classification behavior as extending well into 
elementary school. It may consist of notions of "belonging 
together" such as putting a "mother" with a “baby" and a "bath" 
because together they tell a story, The child visualizes a 
construction not a class, and usually defines words by their 
use rather than by their meaning. 

In terms of flexibility in classifying, the Stage I 
child also exhibits limitations. Once one criterion has been 
established it is adhered to very rigidly. Piaget calls this 
phenomenon "nerseveration",. After a time, however, the child 


often forgets what his criterion was and is thus enabled to 
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19 
introduce another criterion, This process usually ends with 
the child remembering and reverting back to his original 
criterion, Occasionally several criteria are thought of 
simultaneously and mixed together, thus producing a very 
arbitrary grouping such as: "They're better over there", 

In summing up Piaget considers ", , . one key to the 
problems of stage I is failure to abstract (Inhelder & Piaget, 
1964p. 79)" The results of his experiments on classifica-— 
tion bring hin te the conclusion ‘that: 

There is a stage of the graphic collection, which may 
be long or short depending on the materials used and 
the instructions given, This stage invariably precedes 
the stage of the non-graphic collection (this being a 
collection based on similarity and difference alone, so 
that class-membership is apparent while class-inclusion 


is not), True classification is later than either of 
these (Inhelder & Piaget, 1964, p. 20). 


Non-Graphic Coliections 


Stage II is described as the stage of non-graphic 
collections and is usually found in children between the ages 
of five to seven or eight years. It is largely a transition 
stage in which a steady growth in the number of criteria for 
classification takes place. Criteria one, two, three, and 
four (p. 14) are almost always achieved and five and six are 
often considered, Even criteria eight, nine, and ten occasion- 
ally occur, This growth, however, always falls short of 
achieving class-inclusion, the number seven criterion, and 
consequently does not reach the point of true classification, 
"However, these collections are no longer graphic, and objects 


are assigned to one collection or another on the basis of 
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20 
similarity alone (Inhelder & Piaget, 1964, p. 47)." The 
growth of the non-graphic collection stage may be attributed 
largely to the increasing differentiation of intension and 
extension, and hence, a greater co-ordination of the two. 

The development of the meanings of “all" and "some" show 
considerable improvement in this stage although "all" still 
may be confused with "many" and “some" with "few", In the 
event of a small collection “some" frequently merges into 
mall", Piaget cites the following example of a Stage II 
Chik 
Thi (€6;7) correctly reproduces the row of blue circles 
and blue and red squares from memory. “Are all the red 
ones squares?--No, because there are blue ones too (wrong). 
--Are all the blue ones circles?--Yes (wrong).--Are all 


the civcles blue;--Yes-— Are yall the squares redj—— yes; 
with two blue squares (!)" (Inhelder & Piaget, 1964, 


— es 


p, 62); 


The Stage If child often wrongly takes the statement “All the 
A's .are_ B's". to mean_"'All the A*s are all the B's". This 
equates A with B (A=B) which is an identity relationship 
rather than the correct relationship of inclusion, fTIhe 
inclusion relationship must be “All the A's are some of the 
B's™ which implies that B is greater than A (B>A), The Stage 
II child also equates the question “Are all the blue ones 
heavy?" with the question "Are all the heavy ones blue?", 

He will answer the first form of the question no matter which 
form is asked because he finds it easier to think about a 
collection defined by color rather than by weight. In general, 
at Stage II, children have developed some differentiation 


between the meaning of the words "all" and "some" but they 
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stall@ tail *to grasp the essentially relative meaning of "some", 
v, « « even in the second half of stage II, "some’ has an 
absolute meaning which is bound up with the number of elements 
instead of pointing to a relation between part and whole 
Cinhelder®&@Piaget) @1964 “pt 93) es 

Like the graphic collection, the non-graphic collection 
is bound by a condition of spatial proximity. To reach Stage 
III, class-inclusion must become the alternative for spatial 
proximity. Piaget draws the distinction between the sub- 
division of collections and class-inclusion in the strict 
sense, even if the distinction is not always easy. The dif- 
férence is that the general group B continues to exist even 
when it is subdivided into A and A‘, in true inclusion, The 
child is then able to reason in the form A=B-A', In the non- 
graphic stage the child looses sight of B when A and A* are 
dissociated, For example, if you were to present a Stage II 
child with twelve wooden beads, two of which were red and ten 
yellow, and asked him to state whether there were more wooden 
beads or more yellow heads, he is likely to answer "yellow", 
The predominance of the yellow beads (A) reduces the wooden 
beads (B) to the same level of importance as the red beads 
(At), In other words the child is said to have inclusion 
only if he truly understands that "all" the A are "some" of 
the 6 

Piaget outlines four main types of response to a 
classification task that occur in Stage II, the first of which 


is characterized by unstable criteria and by the assembly of 
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collections that do not exhaust the objects. Each component 
of the total response is a reaction to an immediate and partial 
problem, This type'of response involves no overall plan. 

As the child progresses to a "type two" response he revises 
Ristori terrain - order “to use up all the objects, At first 
this process involves trial and error but it is soon aided by 
hindsight (retroaction), The "type three" response sees this 
retroaction turn to partial anticipations which bring about 
the emergence of a principal criterion, After a time, the 
collections so arrived at may be further subdivided, thus 
characterizing the fourth type of response possible in Stage 
JH; 

The key factors in the growth of these stages seem to 
be the gradual adjustment to trial and error grouping, with an 
accompanying increase in retroaction and anticipation, However, 
these children are not beyond making mistakes and showing con- 
siderable confusion, There is relatively less forgetting and 
perseveration than in Stage I, but these reactions become 
more common when trying a third or fourth criterion, In such 
instances; mixed and contradictory collections are still 
occasionally found, Nevertheless, Piaget reports: 

J's sewhat these results do show clearly is that there 1s 
a retroactive process whose influence increases, We 
see it in the various rearrangements which follow on the 


introduction of new elements (Inhelder & Piaget, 1964, 
ps*205)% 


We must remember, however, that hindsight does not insure 
flexibility. otage IT children use an ascending method of 


classifying. They begin by studying each of the shapes one 
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at a time and make a number of small collections before they 
discover any true dichotomies, They usually stick rigidly 
to the first dichotomy they find, No systematic survey of the 
material is made nor are any plans formulated, There is still 
little evidence of anticipation, 

The main problem of the Stage II child is that of ego- 
centrism, He experiences difficulty in becoming aware of his 
own thought and consequently reasons only about isolated or 
particular cases, Generalization does not come naturally to 
him, For example, he has difficulty dissociating the notions 
of “going together" and being “well arranged", A child at 
this stage also has to cope with two planes of reality--that 
of the play world and the reality of ordinary life. These 
planes, for the Stage II child, are in a juxtaposed position 
instead) et andan) ordered hierarchyias:an Stage 22d ..eAs 
Piaget (1928) explained: 

But as regards the verbal faculty, these different planes 
have not yet come to be distinguished, so that the child 
is incapable of conceiving on the one hand of a purely 
logical necessity (If we say that . . . then we must say 
thaite.) 2° .o% on the othershand ofdanplaneranhabzted) by 
pure hypothesis or by logical assumption (Let us say that 
eh Let. 825004 

The problem of ego-centrism further influences the 
child's actual perceptions of his environment, 

He does not analyse the contents of his perceptions, but 
weighs it down with a load of previously acquired and 
ill-digested material, . . . The child often sees only 
what he already knows (Piaget, 1928, pp, 248-249), 


The non-graphic collection, then, can be described as 


a mental "pile" or heap of things, the shape of which is 
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24 
irrelevant, However, it is still just a "collection" and not 
a "class" because the constituent elements must be perceptible 
and fairly close together, They are held together only by a 


qualitative criterion and they lack reversible mobility. 


True Classification 
The final stage that Piaget talks about might he 

described as the stage of true classification, This stage 
usually occurs sometime after the child's eighth year, It is 
characterized by the ability to consider all ten of the 
criteria of classification, even the seventh criterion class- 
inelusiony® Theviarst? indication’ or. the onset of this stage 
1s a change in the logical judgment of the child. As Piaget 
(1928) states: 

pre Fh about) the age of 7-3,“ certain’ changes* take place 

in the modality of childish judgment which are in close 

relation to the appearance of the desire for a system and 

non-contradiction (p, 249). 
This desire is facilitated by the transformation of the planes 
of reality into a hierarchical order, Observations of 
phenomena become bound by physical and not moral necessity. 
When children in Stage III are presented with new elements 
for an existing classification, they are capable of fitting 
them into the original framework of criteria correctly, or they 
restructure their criteria, They have overcome the problems 
of intension and extension, As McCormack (1969) illustrated 
these problems in Stage II: 


These difficulties with extension and intension come 
from irreversibility of thought, Once a child has con- 
ceived of a set of objects as being in one class (or 
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possessing one property) he cannot return to the starting 
point of his mental construction and reconceive the same 
set of objects as being in a second class (or possessing 
a second property). (Cp, 24). 

These Stage III children have also achieved a clear 
differentiation between "some" and "all", and have a thorough 
understanding of class-inclusion, Even a student who forms 
three or even two large collections and then divides each of 
them into sub-collections has not yet demonstrated the attain- 
ment of Stage III, He has shown the relations (B,=A]+A,') and 
(By =Anp thn '), but he must still demonstrate the relation of 
true inclusion (A=B-A'), This proves his understanding of "all" 
and '"some” and the relation (B>A), 

Piaget gives, as an example of Stage III, a conversa- 
tion with Cor (Cage six years, eight months), who had just 
correctly reproduced the row of blue circles and blue and red 
squares from memory: 

Arevall. the red ones squares?--Yes,--You are sure?-- 


Yes--Are all the blue ones circles?--No, not all. There 
are also ({bluel squares,--Are all the squares blue?—— 


No, there are also red ones.--Are all the circles blue?-- 

Yes.  (Inhelder & Piaget, 1964, p. 63) 
Cor is typical of Stage III and answers the questions with no 
mistakes and considerable confidence, 

Flexibility, now, becomes a more important part of 

the child's classifying ability. No perseveration is observed 
at this stage and little oreno forgetting “of prévious “criteria 
occurs. The child is capable of directly picking out the 


most general characters and then subdividing them into the 


major classes. This illustrates the skill of anticipating 
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26 
several dichotomies, As Piaget explains it, “All this suggests 
that the anticipatory flexibility is what accounts for the 
flexibility in hindsight when a change of intension is called 
for (Inhelder & Piaget, 1964, p. 215)." It must be remembered 
that the transition from the assembling of graphic collections 
to that of true classification is a very gradual one. The 
division of this process into three stages is by no means an 
attempt to show otherwise, Stage III behavior is simply the 
final phase in a process of continuous development, Piaget 
emphasizes that his studies on both the logic of relations 
and the logic of classes confirm this gradual development. 

As he puts it: 
Both of them show that the thought of the child passes 
Lromeanstate of fego>centriceimmediacy,,1n which single 
objects only are known and thought of absolutely, and 
made to bear no relation to one another, to a state of 
objective reiativism in which the mind extracts from 
these objects innumerable relations capable of bringing 


about the generalization of propositions and reciprocity 
of different points of view (Piaget, 1928, pp. 133-134), 


RESEARCH RELATED TO CLASSIFICATION 


Many studies have been made of the number and kinds 
of classifications that children make, not the least of which 
are the experiments that Piaget himself has carried out, In 
his study of flexibility, Piaget attempted to determine how 
well children could change their criteria of classification, 
He presented children, aged five to nine, with a group of 
cardboard cut-outs differing in color, shape, and size, They 


were asked to classify the cut-outs into two groups, Those 
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who completed one classification were asked to classily the 
cut-outs a different way, and then to attempt a third way. 


The following table is a presentation of the results of this 


experiment: 
Number of criteria at ages 5-9 
ESE CaS | ENDS ea Cr Tae i arcs 
Chek. ota subsects)s- C12) (Cre: (18) (13) 
ey4 o/ of of 
/0 /0 70 /0 
Crucertay 50 27 12 5 O 
i 46 12 ld O 
2 ot AT 56 orl 
3 O PAS) 28 69 
Can O Chas eri 76 84 100 
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(Inhelder & Piaget, 1964, p. 209) 
Piaget indicated that it was significant that over 75 percent 
of thessix, yeartolds: classiiiediitwolor three timese Theswent 
oneito say’ that 

Pee) oncerval child’ can diyide therisamejobjectss according 

to two or three complete dichotomies, it is but a short 

step to being able to cross-classify them in accordance 

with a multiplicative schema (Inhelder & Piaget, 1964, 

pee 2OOr 
For the purposes of this study, however, it seems significant 
that 100 percent of the eight to nine year olds completed two 
or three classifications. Does this result mean that these 
children are at their peak in classification performance and 
no further improvement can be expected of them, or does it 
mean that a test which allows only three dichotomous classifi- 
cations does not have enough scope to discriminate between the 


differences of classification ability in these children? 


Piaget went on to observe more closely only those 
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28 
children who were able to make at least one classification. 
He found that 88 percent of these seven year olds were able 
to make one or two changes in their classifications and that 
no significant improvement in this percentage took place up to 
and including the age of nine years (which was the age limit 
for his sample). This evidence would also seem to indicate 
that the peak in classification ability occurs at about the 
age Of seven Or e1ght. 

Reichard's evidence also confirmed this conclusion, 
He tested 234 normal white children aged four to fourteen, 
using the Weigl, Goldstein, and Scheerer color form test (see 
Goldstein & Scheerer, 1941) and a sorting test composed of 
thirty-three items, Reichard found that below five years of 
age most children grouped once and then were unable to shift 
from their original criterion, At the age of seven to eight 
two groupings became most common, Over eight years of age 
75 percent of the children could shift from one criterion to 
another, On the sorting test Reichard found a steady increase 
in the number of correct responses up to the age of nine, 
As he explained: 
The rate of this increase appears to approximate the 
normal growth curve, and shows decreasing acceleration 
which reaches a plateau at about 9 years, after which 
there is almost no further increase (Reichard, Schneider, 
& Rapaport, 1944, p, 158). 
Reichard also noted from the sorting that the most common 
criteria for sorting were those of use, color, form, material, 
and matching pairs. 


Kofsky (1966) carried out a similar grouping task with 
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children aged four to nine and found a significant correlation 
between age and the number of tasks mastered, However, con- 
trary to Piaget and Reichard, he found no indication that this 
trend was leveling off at the age of nine, For more detailed 
information regarding this discrepancy, the results of tests 
on children above nine years of age must be examined, Croxton 
(1963) presented children from kindergarten to grade eight 
with a table on which was placed a large group of plants on 
one side and a variety of animals on the other side. He then 
asked each child to state as many ways as possible in which 
all of the animals on the table were different from all of 
the plants. He found that the range and the number of 
generalizations gradually increased throughout the grades, 
Croxtom concluded that: 

1, Children in the higher primary grades and beyond 
are capable of generalizing. 

2. Early childhood is pre-eminently a period for 
satisfying interactions (i.e. gaining experience with objects 
in the environment without thought of classifying them). 

3, Junior high school students (grades seven and 
eight) do little better than upper elementary students, 

Additional information has heen provided by Thompson 
(1941), who tested the classification ability of children from 
grades one to six, She used three different tests to obtain 
her data: the Weigl color form test (see Goldstein & Scheerer, 
1941); the BRL test (see Bolles, 1937); and the Vigostsky test 


of concept formation (see Hanfmann & Kasanin, 1937), Thompson 
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30 
divided the students into two Groups; =the grade 10ur tte, 
and six group and grade one, two, and three group. On the 
Weigl color form test, which allowed for the possibility of 
making zero, one, or two classifications, the older group 
completed two classifications significantly more times than 
the younger group. They also demonstrated a greater ability 
to generalize, The results of the BRL test, which consists of 
a collection of thirty-four objects to be classified, yielded 
6,3 average classifications for the older group and 4.1 average 
classifications for the younger group, although a wide range 
of variability was found in both groups. Thompson concluded 
that: 

. - -. there is a definite qualitative and quantitative 
change in the ability to generalize or to handle abstrac- 
tions between the age range 6 to 8 years, and 9 to 11 
years (Thompson, 1941, p. 124). 

With regard to the kinds of classifications children 
make, most studies have limited themselves to testing the 
child's preference for form or color, Thompson (1941) found 
that both of her groups of children gave significantly more 
color generalizations than any other kind, The younger group 
found color by far the easiest criterion to use, whereas the 
older group found some of the other physical properties to he 
just as easy to identify and use as a Criperton, Corane (i964) ; 
on the other hand, found that the children she tested shifted 
from color to form preference at about the age of six, 

Suchman and Trabasso (1966) also differed in their conclusions 


from Thompson in that their results indicated that children 
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below the age of 4,2 years usually preferred color, while 
children from age 4,2 to 6 years usually preferred form, 
Thompson's findings also contradict the long held notion that 
the transition from color to form preference is a correlate of 
cognitive growth (Suchman and Trabasso, 1966), This latter 
notion is supported by the fact that color responses to the 
Rorschach test are termed "primitive" or “immature" (Schactel, 
1959), Also, Brian and Goodenough (1929) found that "form 
preferring" children obtain higher mental test scores than 
"color preferring" children, and “form" children are more 
accurate in classifying stimuli along other dimensions (Suchman, 
1966). 

Kagan and Lemkin (1961) also studied form and color 
preference in children and found what seemed to he a sex 
difference as well as an age difference in this preference. 
They reported that although both boys and girls preferred 
form to color or size, older boys (Caged eight) used color more 
often than similarly aged girls, and that the eight year old 
girls used form more than the younger girls, 

A number of researchers have categorized the criteria 
of classifications into several general types. Bruner noted 


that; 


One may distinguish three broad classes of equivalence © 
categories, each one distinguished by the kind of defining 
response involved, They may be called affective, 
functional, and formal categories (Bruner, Goodnow, & 


Austin, 1956, p. 4). 
Honkavaara (1958) worked with similar categories which he 


called dynamic affective, concrete, and abstract respectively, 
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32 
He found that bright children in the eight to nine year old 
range categorized on an abstract level whereas backward 
children of the same age were much more concrete. However, 
when younger children were tested, backward children increased 
in affective groupings while bright children became more con- 
crete. but not affective, 

Thompson (1941) divided the classifications her sub- 
jects made into five categories: (1) general name, (2) common 
use, (3) concrete situation, (4) common attributes, and (5) 
no explanation, She found that young children, four to six 
years old, were very concrete in their classifications while 
the older children relied on usage and the general name, 
Annett (1959) tested the classification abilities of children 
aged five to eleven (Cand some adults) with a card sort consist- 
ing of sixteen cards, divided equally into the categories of 
vehicles, animals, plants, and furniture, Like Thompson, 
Annett found that the extremes of her five categories were 
"no explanation" and "class name", However, Annett described 
the middle three categories as: enumeration, contiguity, and 
similarity, 

Attacking the problem from a different angle, Sigel 
(1954) wondered if the level of symbolism or the degree of 
manipulation affected the ability to Classily,. He Get upca 
battery of five tests designed to answer this question, Test 
one allowed children to manipulate twenty-four toys represen- 
tative of common objects such as tractors and horses, Test 


two presented children with the same set of toys "to Classiiy 
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30 
but did not permit any manipulation, The third test replaced 
the toys with black and white photographs of the same objects 
and allowed these pictures to be manipulated, Test four 
replaced these pictures with the names of the objects, each 
name being printed in big block letters on separate pieces of 
paper, The fifth test presented the child with the names of 
the objects listed on one sheet of paper in regular type. 

The child was required to write on another page the names of 
the objects he wanted to put together, The directions given 
for these tests (except number five) were: 

Put those things together in one pile that belong together 

or go together or are alike in any way, and those other 

things that go together or belong together or are alike 

in another way in another pile, You may have as many 

piles or as few piles as you wish, Do you understand 

Cotoe lee 1 O54) 1. 202) 7 
sige! then uohepied to test students seven, nine, and eleven 
years of age, He designated the classifications obtained as 
either perceptual or conceptual, The number of classifications 
in each category provided the basis of a quantitative score, 
Sigel found no significant differences in either the percep- 
tual or the conceptual test scores among any of the five 
presentations at each of the three age levels. He dsc Tho Ce; 
however, that most of the children made their groupings 
primarily on use, They seemed to ignore stimulus character— 
istics like color, texture, size, or material, Sigel called 
this phenomenon "meaning dominance in classification | 


To sum up, the results of the StuOLes renonten) Mere 


reveal some disagreement as to the growth of classification 
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34 
ability in students beyond nine years of age, There is no 
consensus of opinion, either, on the significance of preierence 
for color, form, shape, or use as criteria for classiiying. 
Even the general types of criteria used differ from one report 
to another, Thus it 1s indicated that further research on the 
classification abilities of elementary school children may 


prove fruitful, 
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Chapter 3 
DESIGN OF THE STUDY 
THE SAMPLE 


The population consisted of all of the elementary 
students from twelve different schools, six of which were in 
the Edmonton Public School System and the other six within 
the County of Strathcona #20, These schools were selected by 
representatives of the two systems involved to give a sample 
of students with a broad range of socio-economic status and 
cultural background, A sample of one hundred and eighty 
children was selected from these schools in such a way that 
only fifteen students were used from each school, The fifteen 
students from each school included two or three children from 
each ot the grades one to six, Ihe number of children, to be 
taken from each grade in each of the schools was determined 
beforehand so that there would be a total from all schools of 
thirty students for each grade when the testing was finished, 
All the students were randomly selected from class lists of 
the proper grades, This randomizing procedure was carried out 
to minimize the effect of any particular teacher or school on 


the results of the study. Table I summarizes the sample with 


respect to boys and girls in each grade. 
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TABLE I 


NUMBER OF BOYS AND GIRLS PER GRADE 


Grade 1 2 oS A 5 6 Lota 

Boys 17 14 ~—«13 ie aw; ee te aS 

Giri 13 16 17 17 14 14 91 

Tova 30 30 30 30. 30 30 eee 
INSTRUMENTATION 


Classification Task 
Theoretical background. In order to achieve the pur- 
poses of this study, an individualized classification activity 
was designed, This activity, while meeting the definition 
of classification described in Chapter 1, had to meet other 
more common conceptions of classification, A typical 
Piagetian definition of classification is described by Rawson 
Gl9Gs): 
A class is a conceptual judgment arrived at by listing 
all the members of the class (the extension of the class) 
and by naming the property shared by every member of the 
class and no other (the intensional property of the class) 
Goal). 
From a natural scientist's point of view there are other 
important understandings of classification: (a) criteria for 
classifying are arbitrarily chosen, (b) the determination of 


the class to which an object is most appropriately assigned 


involves a matter of judgment, and (c) the number of crateria 
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found useful in grouping is a measure of classification ability 


(Unusual Objects, 1967, pp. 86487). 

One must also consider Piaget's ten criteria for 
classification as outlined in Chapter 2 (pp. 14-15). Testing 
separately for the presence of each criterion would prove 
very time consuming, What was needed was a classification 
activity that would be representative of these ten criteria 
and would meet the requirements of the other definitions and 
understandings of classification as well, In addition, this 
classification activity had to have more discriminative power 
than is afforded by only three possible criteria, and should 
also encompass the scope necessary for the testing of children 
from grades “one “to six. 

McCormack (1969) hinted that flexibility in handling 
elements when classifying was a good overall measure of 
classification ability. Confirmation of this was found in 
Inhelder and Piaget (1964): 

The main difference between the operational classifications 
of stage III and the imaginal or graphic classifications 
found at stage I is that the child who is more mature 

is very much more flexible in the way he handles the 
elements, This applies both to his mental perspective 
and to the actual shuffling and reshuffling to which he 
is capable, He shows flexibility in hindsight when he 
can change the criterion, either because he notices some 
property which he failed to take into account when he 
started, or because the experimenter brings in additional 
elements to add to an existing classification, He shows 
flexibility in foresight when he can mentally anticipate 
a classification before putting it into practice, and _ 
particularly when he is able to choose the best classifi- 


cation out of a number of possible alternatives without 
overt trial-and-error (p. 196). 


It was decided, on the basis of this statement, to use an 
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activity which tested flexibility, or the ability to change 
criteria when a significant number of alternative classifica- 
VEOn "Cr Lteria are possible, 

Materials, The materials used in the experimental 
classification task consisted of twelve different substances. 
Each of which occupied up to one and one-quarter to two inches 
of space in numbered, capped, square bottles, The substances 
consisted of four liquids (orange colored water, corn syrup, 
mercury, and glycol) and eight solids. The solids fell into 
three different categories: chips, powders and crystals. . The 
chips were aluminum and copper; the powders were flour, 
powdered aluminum, sulphur, and instant coffee; and crystals 
were potassium dichromate (orange) and white sugar, 

To facilitate the preparation of students for their 
task, a set of eleven white cardboard shapes was used for 
preliminary instruction. This set included three large (three 
inch) squares, three small (one and one-half inch) squares, 
two large circles (three inch diameter), two small circles 
(one and one-half inch diameter), and an equilateral triangle 
(three inch base). 

A data sheet was used to record the objects the child 
grouped together in each ¢classiiication, as well sas other 
information about the child (see Appendix B, page 89), 

Procedure. In order to minimize the verbal aspect of 
the presentation of procedural directions and to ensure an 
adequate understanding of the task to be performed (these two 


factors being especially important in the lower grades), each 
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child was shown the set of cardboard cut-outs. They were 
grouped (by the investigator) first according to shape and 
then according to size, The child was asked to guess the 
criterion for grouping in each case, After this procedure 
was completed, attention was focussed on the bottles the child 
was then to classify, The directions given to the child were 
similar to those used by Inhelder and Piaget (1964) when they 
studied classification and the relative size of classes, They 
explain: 

We then proceed through the following questions: 
(1) the subject is told to classify these objects as 
he likes; (lb) if he has not done so already, he is 
told to divide the objects into two classes only; (2) 
he is asked to redivide them into two classes using a 


different criterion. (3); he is urged to do the same 
againyeUsing a third icriterdon< ip 2259 ties Une most 


usual instruction was, "Put together things that are 
alike." But not infrequently this was further amplified; 
©.0. . «je Put them here if they’re the same, and’ then 


over there if they're another lot different from this 
one but the same as each other (Cp, 21)." 


However, some differences from these instructions did exist 

in the present investigation, Step (lb) of Inhelder and 
Piaget's test was omitted because many of the possible criteria 
for classification did not naturally present a dichotomous 
situation, The child, in addition, was urged to use as many 
different criteria he could possibly think of, If the child 
did not use any other sense than sight for his classifications, 


he was asked: “If you could take the lids off the bottles 


and do anything you wanted to do with the materials inside, 


how else might you be able to group them?" 


At the completion of each classification, the child 
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was asked to explain why the things he put: im teach ‘group 
belonged together, In order to determine the time element 
involved in the final score, a stop watch was started the 
first five times the child began to think of a way to group 
the bottles, and was stopped immediately upon the completion 
of each grouping, Although the time was recorded, no time 
limit was set for the completion of the total activity. 
However, the test was concluded when a child failed to attempt 
a new Classification within a period of five minutes from the 
conclusion of the completion and explanation of his previous 
classification, 

peoring. “As the ‘child ‘clagsiivedethe mater tal Ginette 
boutles; -a record, by bottle number, of the bottles iphaced 
into each group was "kept. At thé “end of every classification 
a judgment was made, on the basis of the groups formed and 
the verbal explanation of the child, as to what the criterion 
of ’the classification was; ‘This criterion was indpeated valong— 
side the number groups recorded on the data sheet, The main 
task essentially required only successive linear classifica- 
tions, If a simultaneous or multiplicative classification 
was made, each property isolated was credited as a single 
criterion and the child received the same number of points as 
he would have if he had made each of the classifications 
separately, Each different criterion of classification was 
then given a base value of ten points (classifications based 
on external marks or deformities on the bottles themselves 


were not given any value, only those criteria referring 


quory 1569 ni Jaq ork apmida ont itn wees 
insets omit of3 omimiatoh 6) vebsu al srotopo! bomated 
ait bodtede 20w Wodow qofe e ,o10re (anid edd at weeny 
quotp oJ ~aw 6 To dnidt of neped bide ay esos evtt ica 
nhitlelqnos eit moqu Yhads fh amit beqqole zew bas eefitod sit 
amid on ,balhiess1 26 sitc) off dpuods tA parqQuonpy tose" to : 
vingtios Letod i) tu nvlisiamoes gat ‘#0 tse zow Dimil 
iqnietien of bolisl Hiino 6 nendw bebuisaos 26K teed ons 1 erewoH 
sit mort esiunim eyit to borisq 6 nid iw nottio wena ale | 
enoiverg 2fn to ooifensiqzsa bas noistsiqnos off Io nokeeisnes 
| nots pocR Tees lo 
ons ai ipttetsam sails Hsiibees te bictn ens ef | paCro9s | 
heosiq gallion 343 boa .astinitn, elisgods ea as oat & Le od 
“HomsexiTtaeplo yidvS to bao odd ah en 26m MURS 
baw bamrot zequove edt to eiend ade fo , Shem 26 saompbut 6 
foitstive eft tedw oF ee bhido oft to noitenblyxs bedtey: aris 
pnolie botéotbar aow notsedinags aint wesw HoLt6o iti eesls ml 
niam of? <daare etch ent no’ bahsosa4 2qnoip vedas ils 


“so. tizesio teentl svieessone: Zino hid tat oa 


AOLtR aliaeeto avivend [qk sath ho bios nb been 5 “ht. 2 
bs 7 
sIpaiz 6 26 Detihers enw beielozivysaoqorg do6s ten ane 
ef a)inbog to 1sdain smee ond bavignss By tits aio bane. note 3 a . 


anditesitizesly, sits to doas oben beds be oved | bfogw 4 
eew Oeste to oe adines dil 2 otet i 


Al 
directly to the substances in the bottles were evaluated), 
However, if the child made any obvious errors in grouping 
according to a criterion, or was unable to exhaust the elements 
(bottled samples) in making the classification, one point 
was subtracted from the base value for each element misplaced 
or not used, The sum of these criterion values thus obtained 
is the power score as defined for this study, This score 
reflects the number of classifications performed minus the 
errors or ommissions made in grouping. 

In an effort to add more discriminative power to the 
test, a time factor was introduced, The time, measured from 
the moment the child started to think about a way to group 
the bottles until he had completed putting the bottles into 
inet tegroups, Was recorded for ine first fiverclassiiications 
Mage. Only the tinst, five iclassiireations, were <ameds in order 
to prevent unfair discrimination against children who were 
overly persistent in searching for more criteria after they 
had used all those that were more immediately apparent to 
them, The speed score was determined hy computing the arith- 
metic mean of the five recorded time intervals, A composite 
score was needed in order to relate the time score to the 
power score, This composite score was obtained by dividing 
the power score by the speed score, Thus a child who received 
the same power score as another child, but took half the 
average time to complete the classifications, would receive 


a composite score twice that of the other child, 


adwomst ont tewerxe of anaes BY * snotaagind 8 of putbran: 
Jnioty sto jiotvestiiecs fo 2 | paidtem ai (ae lquee bails od 
beneigeim tromele dass tor sutny sesd 9d} mort hetonseiae aaa 
bantefde ends eauilsy qoitessinn oeady to mue suT  ,heep fom 30, i 
évoo2 eidt Ybute eit) .0f baastob en s1008 1awoy ade eh) 
ets eunen bomiolied eaifaot ean wets to “‘dodmin, oa viosthon 


—wea 6 


-peiquoip oc obsm enoier tamno 10 220973, 


att 6% 1esveg evitenimisoeib s10m bbs oJ taoltes ag il aah 7 
mov bovuesem ,omsd oT ,bsouhowtnt esw sotosl emit s) 7 eeee, 
quotp. of yew 6 tuods Anidt of bediBie bhida salt demon sad 
ofnf eslijod sit paitsug beds iqmos hed od tisdn 2ofsod mite 
gnoistevitieesio svit Jeaii off 101 bebto99s enw ,equoTp GeeeeD 
sabeo of bombs sasw 2enoissoittaests avil Jesit ott ine iat 
sise odw netbitio sedises aoiteniminge th aietie rasa 
youd 131%8 sitesrio atom Tot priidoisss oF Jnvdeiareg vitewe- 
of tnsseggs yisteibsamt atom sew teri oeodd Ls baba 


-Afian sAd paitaqnoy yd henimrssyeb 2aw srope basqe att. 
stizogmos A .atevioind amit bebr0394 evit ad a 
adi af 67092 smiJ, ons Silat as ae on 
pribivibh ya baginvdo eow at0o8 st kec iid 
bovisoor orf bLtitg 9 esutT 2971032 be 
so ini 

hai ia ae ea dons 
ssitieas! SAO a8 


42 

T.Q. Scores 

No T.Q. tests were administered by the investigator 
during this study, 1.Q. scores for the members of the sample 
were obtained from school cumulative records, Unfortunately, 
the 1.Q. scores for students in any particular grade could 
have been obtained from one of three different A Ses tse 
the Alpha Short Form of the Otis Quick-Scoring Mental Ability 
Tests, the Detroit Beginning First-Grade Intelligence Test, 
or the Lorge-Thorndike Intelligence Test, Level 3, Verbal 
Battery. The reliability of the intelligence test scores 
assigned was further reduced because of the fact that 18 
percent of the students in the sample had no record of an 
I.Q. score throughout their school years, These students, for 
te wurposes Of tits study, were placed 1n hign, average, or 
low intelligence categories on the basis of recommendations 
made by their classroom teachers, The circumstances described 
made it impossible to deal with I.Q. on any basis other than 
three broad categories, On the basis of a suggestion made 
in the Detroit Beginning First-Grade Intelligence Test Manual 
(Engel & Baker, 1937, p. 7), the top and bottom 20 percent 
of the students in each grade were assigned to the high and 
low intelligence categories respectively. The middle 60 


percent of the students were categorized as the average group, 
THE TESTING PROGRAM 


The testing program was carried out during the last 


week of April and the first three weeks of May, 1970, The 
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investigator travelled to each of the twelve schools and 
administered the classification task individually to every 
member of the sample, The testing was done in a private room 
in each school (usually the medical room or the guidance 
counsellor's office) which was as free from distractions as 
possible, Appointments were made with each school to carry 
out testing on days that did not coincide with field trips, 
festivals, or other special events that may have eliminated 
a particular group of children from the sample; a situation 


which may have led to some bias in the final results, 
THE PILOT STUDY 


A pilot study was carried out in March, 1970, with 
twelve children who were not involved in the main study, 
This group of twelve children consisted of four children from 
each of the grades two, four, and six, The pilot study was 
undertaken to determine: 

1, The approximate time needed for children to complete 
the classification activity. 

2, The type and amount of instruction needed in order 
to have the task understood by children in each grade, 

3. The feasibility of presenting the designed classi- 
fication task to a broad range of grades, 

4. The likelihood of finding significant differences 
in performance of this task throughout the grades tested, 


5 Administrative problems that may have manifested 


themselves. 
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On the basis of the pilot study it was decided that: 

i” The approximate time needed for completion of the 
classification task was fifteen minutes Rov the lower grades, 
extending to thirty minutes for many of the children in grade 
six, However, in most cases the motivation for continuing 
the task was high and no children gave the impression that 
they wanted to stop classifying because of boredom rather 
than because they could think of no more criteria, The 
persistence that many children showed in trying to think of 
more criteria made it clear that some time limit had to he 
established in order to prevent children from sitting for 
long periods of time without arriving at a new criterion and 
yet refusing to give up, The time limit of five minutes was 
judged as ample for most children to think of another 
Criterion, 

2. Completely verbal directions were not adequate nor 
suitable for all children in the pilot study, Verbally back-— 
ward children were severely handicapped unless given extremely 
detailed instructions which tended to bore the more verbally 
adept students. It was found that classifying the contents 
of the bottles in one way as an example for the child saved 
much time and effort that otherwise would have been expended 
in verbal explanation and was more universally understood hy 
the children. This method also made it much easier to be 
consistent in giving the instructions for the task, However, 


this method used up one criterion that some of the children 


may have discovered for themselves. To avoid this problem, 


ait Ye eerie ae tener ome siamixonqye 9 

,ebbow 1swol edd vot zesunin nigestid cide el 

abytp ot mavhtidy ant to tem ToT ees paia wears i'll 7 

puitdistoes 10l noisisvisom, sil 24689 Jeon m2 TravewoH | nie 

suds cotezetqni add *75p noth Lids on brs. agid 26W jaet oie : 
Fate. mobotad to sewssad onivntaesto big ot berisw vada 

ett .etie7ra> erom on to Anind blab ceeds seveced aed 

T> Anidt of priyod at hewode werhlins yaaw ieuty sonal eiaweq 
sti of Bad timei emc? oemce tent 168615 31 Shéat stas}ino sem 
sot pniidgia mort soiptido ansvoay oJ ab 10 re vovetidetas 
bn6 aefisfitds Woe eo Te pnevi7IG Juonsty os ho eborvag pool 
sgw satinim. evil to timcl omit oA am avin of pitantin » F8Y, 
weiitons. to Anidd ot norbi tis Jeom to} 2 fqns 88 hspbat 


etre. Ce 


=. fe 


ton aistipsbs 160 eiew enotiserib Ledasy yIsiotgnod SS) | = 
goed yviledra’ .¢lude sotiq edt nt weablifo ifs «ol otdettde* 
visweusxe novip gegtau boygesxihusil yleisyse o19w) svbl'eds brew 
yitsdasy atom of) aod 09 babnes, taitw enoisomident balieteb | 
atastioo sid paiytizes!s fai baust zaw a1: taste gate 
hover -Ofids, att vor 9 [qaexa he 26) Yaw yno ni ealga 
hobnodx need eyed binow sara sedi d20tts. bre ‘else 
| oboe okemb lige pape 
fa) noilfom etd ~ aaah 


45 


the classification example was given instead by means of a 
group of white cardboard cut-outs that were thought to have 
little transfer effect (with regard to classification criteria) 
with the bottle contents, 

3. With the above refinements, children from the 
three grades tested were able to attempt the classification 
task . 

4, A steady increase in the number of classifications 
occurred as the grade level rose, Girls made slightly more 
classifications than did boys. These results are summarized 
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TABLE II 


NUMBER OF CLASSIFICATIONS 
PER GRADE AND SEX 
(PILOT STUDY) 
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Grade II Grade IV Grade VI Boys Girls 
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At least some members of each of the grades were able 
tOecbassity by the criteria of: ;color, liguid Vs. solid state, 
grain size, odour, touch, and lustre, However, only some of 
the grade sixes were able to make use of: cohesiveness, grain 
shape, transparency, viscosity, taste, sound, and wse. 

5, A private room furnished with a fairly large flat- 
topped table and two chairs facilitated the administration of 


the task most adequately. Care had to be taken in those rooms 
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46 
containing windows to prevent direct sunlight from shining on 
the bottles as such a situation had the effect of making the 


property of transparency more obvious to the children. 
THE TYPE OF ANALYSIS USED 


Hypotheses one and two were subjected to a two-way 
analysis of variance to determine the significance of inter- 
action (if any) between grade and I.Q. and grade and sex, 
respectively, This interaction was measured by a test for 
additivity carried out by means of the ANOV25 IBM 360/67 
computer program, The 0,05 level of significance was used 
as a basis for the decision to accept or reject these two 
hypotheses, The remaining three hypotheses were subjected 
to a one-way analysis of variance, Hypothesis number three, 
comparing boys scores with girls scores, was analysed with a 
"t't test computed by use of the ANOV1O IBM 360/67 computer 
program, The decision regarding acceptance or rejection of 
this hypothesis was also made at the 0,05 level of signifi- 
cance, Hypotheses four and five were analysed by means of the 
ANOV15 IBM 360/67 computer program, This program carries out 
a Scheffé multiple comparison of means, The 0,10 level of 
significance was used as the criterion for accepting or 
rejecting these hypotheses, This rather low level sor srqnii— 
icance was chosen because of the extremely conservative 


nature of the Scheffé procedure, As Ferguson (1966) points 


out: 


Concern may attach to the fact that the Scheff€ procedure 
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is more rigorous than other procedures, and will lead to 
fewer significant results, Because this is so, the 
investigator may choose to employ a less rigorous signifi- 
cance level in using the Scheffé procedure; that is, 

the .10° level may be used instead of the .05 level. 

This is Scheffé's recommendation (1959) (p. 297). 
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Chapter 4 
RESULTS OF THE INVESTIGATION 


The results of the statistical analysis for each of 
the hypotheses as well as a description of the number and 
kinds of criteria used in the various grades are given in this 
chapter, The report on the statistical analysis of hypotheses 
includes analysis of variance tables, cell means matrices, 
and probability matrices, These were calculated by means of 
the IBM 360/67 analysis of variance computer programs which 
were documented and tested by members of the Division of 


Educatlonal Research Services of the University,o. Alberta, 


STATISTICAL ANALYSIS OF THE HYPOTHESES 


Hypothesis #1 
There is no significant interaction between grade 
level and I.Q. with respect to: 
(a) Classification power score, 
(b) Classification speed score, 
(c) Composite classification score, 
The purpose of this hypothesis was to determine if 
1.0. has any differential effect on each of the criterion 


scores in different grades, This hypothesis was analysed by 


means of a test for additivity calculated by utilization of 
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49 
the ANOV25 IBM 360/67 computer program, 


Classification power score, The mean power scores 
for each 170. group in éach grade are presented in Table III, 
page. 505.) The test for additivity on this interaction yielded 
an F value of 1,653 which corresponds, in this case, to a 
level of significance of 0.096, The criterion level of 
significance was taken to be 0,05, Therefore, the interaction 
As not significant and hypothesis one, with respect to this 
aE eeu now bemre je ued ae Lab erie age sO SU bmi es 


a summary of this information, 


Classification speed score, The mean speed scores 
for each I,Q. group in each grade are presented in Table III, 
pagewo0, tlhe test-10or additivity onthe speed score varrane 
resulted in an F value of 1,175, The level of significance 
resulting from this value is O.3l2, Therefore, the interaction 
is not significant at the 0,05 level and hypothesis one, with 
respect to the speed variable, was not rejected, Table IV, 


page 50, presents this information, 


Composite classification score. The mean composite 
scores for each I.Q. group in each grade are also presented 
in Table III, page 50, The test for additivity on this inter- 
action yielded an F value of 2,759 which indicates a highly 
significant interaction (p<0.01), Therefore, hypothesis 
one, with respect to: the composite score variable was nejeeted. 


pe ee 


Table IV, page 50, provides a summary of this information, 
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TABLE Git 


MEAN CLASSIFICATION SCORES FOR EACH 
1.Q. GROUP PER GRADE 


a ee 
— a 
(3 _ — ee ee Spas ae a pee 5 = 
ee a ee > — a = 
a ee eee SS eee Seeineeetiaeetioieetineiaea 
ee 


' LOR Score in grade 
Variable Group N 1 2 S 4 3) 6 
aoe High 6 42,67 74,83 85.17 71.33 109.67 113.67 
scores Average lGre 2972 84538 sol Vel 6.0 OMS esGenoo gel O56 
Low 61) 19),00: 311 653560 66 Oo meCe eon 
Speed High Ove 116: a2 ele oie? oy ee, COME Coe) 
scores Avenagews 1S sib, éheslO0n LalGw bhe8o shel .02)) 9.34 
Low 6 HA es ee teas Uae NL ase) pea iets deer gs! 0.98 
Composite High 6 28.50 Sll17 73.00) tocoaed Tae) soe OO 
scores Average l6e. 22: ¢ble2 9 6) 773: 064.6656 1190S ele 4 GS 
Low 6G “14050 91250) 28 3540261.) toe s0eoT 
TABLE IV 
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Conclusion, Hypothesis number one, dealing with the 
interaction between grade and I,Q., could not be rejected 
with respect to the variables of power and speed but was 
rejected with respect to the composite score variable, 
However, the composite score is not independent of the power 
and speed scores but is simply a ratio of the two, The sig- 
nificance of the interaction resulting from the composite 
score, then, is simply the product of the two insignificant 
interactions related to the power and speed variables, 
Further investigation of this interaction showed that it 
was caused mainly by the extremely high score obtained by 
the grade six, low [.Q. group. This interaction is graphic— 


ally illustrated in Figure 1, page 52, 


Hypothesis #2 
There is no significant interaction between grade 
level and sex with respect to: 
(a) Classification power score, 
(b) Classification speed score, 
(c) Composite classification score, 
The purpose of hypothesis number two was to determine 
if sex has any differential effect on each of the criterion 
scores in different grades. This hypothesis was also analysed 


by means of a test for additivity calculated by the ANOV25 


IBM 360/67 computer program, 


Classification power score, The mean power scores 


for boys and girls in each grade are presented in Table V, 
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53 
page 54, The test for additivity on the power score variable 
yielded an F value of 0,591 which results in a level of signif- 
icance of 0.707. Therefore, there is no Significant inter- 
action between sex and grade on the power score variable and 
ee Se aU eO With Te spect, to this variable ews noun. ieeted: 


Table VI, page 54, summarizes this information, 


TINIE EASE 1 ECESU SOB TRUE SLT Spe ae koto ts 
for boys and girls in each grade are presented in Table V, 
page 54, The test for additivity on the speed score variable 
resulted in an F value of 0,342, This F value yields a prob- 
ability of O.887, which is far from being significant ati the 
Diet SEIS SSAA ASE EA UNO EL Se Os ul 


speed score variable, was not rejected, A summary of this 


information is presented in Table VI, page 54, 


Composite classification score, The mean composite 


scores for boys and girls in each grade are presented in Table 
V, page 54, The test for additivity on the composite score 
variable yielded an F value of 0,466 which corresponds to a 
probability of 0.801, Therefore, there is no significant 
interaction between grade and sex on the composite score 
variable, and hypothesis two, with respect to this variable, 
was not rejected, This information is also given in Table VI, 


page 54, 


Conclusion, Hypothesis number two, dealing with 


interaction between grade and sex, could not be rejected for 
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TABLE V 


MEAN CLASSIFICATION SCORES FOR 
BOYS AND GIRLS PER GRADE 


Scores in Grade 


Variable Sex i 2 3 A 5 6 

Power BOY Se S02 6o0cG.( 1 6o,06° ~OO noe Oe 6 95.50 
scores Girls 20,92 49731 “60,53 66.18 (i ayew! 89,43 
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scores Gres ou Sl odo 8090. sD, Gla COOLS 84.00 85.69 

TABLE VI 


INTERACTION BETWEEN GRADE AND SEX 
ON CLASSIFICATION SCORES 
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Variable Source of Sryera DYE. Msse F Prob, 
Variance 

Power Interaction 2932 .50 5 566,000 “0O7,7591" (O77 107 

scores Error 166622 168 991.799 

Speed Tnteraction eco S) O,251 0,342" 07607 

scores Error 123.066 168 OVas 


Composite Interaction 5904, 69 5 1180.94 O-466, 020801 
SCORES er or A25702 168 2533.94 


9be10 nt eatoge 
5) & D 6 e 


ee 
G2,.20 6,2 ~“Seyoa 88,25 17,88 
68.08 Va,eT 81,46 BE,00 it, A 


OL &.f Op,f | ki, i 
ep i SOS.f VSS .°s *e 


SE SCRE A 


af! 
Poe | 


bo 

ec 1 
SE.Ofi OL.ELL  f8,d09 GI.ET OO°@S 0OsGe eyud  eteeee 
05.88 OO. &6 Ol) Gy 1 8c ey BE maf meres ; 


— Smead 


a Aca 
ae Se ee eS ST PP OCs TE 6 ke Cs See PESTS a 


IV a eal 


ge Gh AAD. is 
2100 anata Si his , a 


ni a - ~ 


oe 7 : 7 anaes ——— as sh ae reese aaas ee Sern 


pew epntiety 


adort’ "4 <2. 4.0 pha = . raed: = 


reeves! oP , 


eae - - >’ oe 


yor,0 123.0 Q ae ets OG 
‘ / OG. LACT Rs in ¢ BOY 
POF ireo . SSanar 
= 


o1 
cr 


any of the three variables, Thus it was concluded that no 
significant interaction exists between boys and girls in grades 


one to six, on the criterion variables measured in this study. 


Eee obes see: 

There is no significant difference between boys and 

aie lseet ths: 

(a) Classification power score, 

(b) Classification speed score, 

(c) Composite classification score, 
in each of the grades one through six, 

The purpose of hypothesis number three was to deter- 
mine whether boys or girls have greater classification abili- 
ties with respect to each of the three criterion variables 
within each grade, Investigation of this hypothesis was 
pursued by means of a two-tailed "t" test carried out by the 
ANOV10 IBM 360/67 computer program, A complete list of the 
mean scores for the boys and girls in each grade is given in 
Table V, page 54, and a complete résumé of the "t" values and 
probability levels calculated in making the comparison between 


boys and girls is given in Table VII, page 56, 


Classification power score, None of the: "tt" valwes 


calculated for each of the grades one to six on the power 


score variable yielded a probability which was significant 


at the 0,05 level or better, Therefore, hypothesis number 


three was not rejected for any of the grades on the power 


score variable, 
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COMPARISON OF BOYS AND GIRLS 
CLASSIFICATION SCORES 
WITHIN EACH GRADE 
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Grade Variable Boys Girls DBS T Probability 
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Classification speed score, The "t™ values calculated 

for each grade on the speed score variable all yielded prob- 
abilities that were not Significant at the 0,05 level. There-— 
fore, hypothesis three was not rejected for any of the grades 


on the speed score variable, 


Composite classification score, All the probabilities 
produced by the composite score "t" values were also not 


significant at the 0,05 level, Here too, hypothesis number 


three was not rejected for any grade, 


Conclusion, Hypothesis three could not be rejected 
for any of the three variables in each of the grades one to 

six, Therefore, it must be concluded that there is no signif- 
icant difference between boys and girls in their power scores, 


speed scores, or composite scores in any of the grades one to 


Six. 


Hypothesis #4 
There is no significant difference between low, 
average, and high I,Q. students in: 
(a) Classification power score, 
(b) Classification speed score, 
(c) Composite classification score, 
in each of the grades one through six. 
The purpose of this hypothesis was to determine if 
students in different I.Q. groups within each grade, do indeed 
have significant differences in their classification abilities, 


as measured by the methods of this study. This hypothesis was 
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tested by a Scheffé multiple comparison of means which was 
calculated by use of the ANOV15 IBM 360/67 computer program, 
As explained in Chapter 3, pages 46-47, the significance level 
of 0.10 is sufficient for acceptance or rejection of an 
hypothesis on thé basis of the Scheffé€ test. Table III, page 
90, provides the mean classification scores for each I.Q. 
group in every grade, and a summary of the probability levels 
on the Scheffé multiple comparison of means is to be found in 


DPable VEIN page 59. 


Classification power score, Significant differences 
in this variable were found between the high I.Q. group and 
the average and low groups in both grade one and grade two, 
The difference between the high and low group in grade one 
was very significant (p<O.01). The differences between the 
average and low groups in these grades, however, were not 
significant, On the contrary, in grade three the high and 
average groups were both significantly different from the low 
group (at the 0.01 level for the high-low comparison) but 
were not significantly different from each other, No signif- 
icant differences were found between any of the groups with 
respect to this variable in the remaining upper elementary 
grades. See Table VIII, page 59, for a complete presentation 


of the probability figures, 


Classification speed score, There were no significant 
differences in the classification speed scores of the I.Q. 


groups in any grade other than grade five, In grade five the 
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60 
low I.Q. group had a mean speed score Significantly higher 
(p<sO.05) than either of the average or high groups, The 
average and high groups were not significantly different from 
each other. See Table VIII, page 59, for a complete presenta- 


tion of the probability levels, 


Composite classification score, Signiiicantly dirterent 
composite scores were discovered in grades two, five, and six. 
In both grades two and five the high I.Q. groups had signif- 
icantly higher scores than either of the average or low groups. 
There were no significant differences between the average and 
low I.Q. groups. In grade six the only significant difference 
which existed was between the high and average I.Q. groups, 
the low group having obtained a higher score than the average 
group. occe fable VILL, page 5977 ior a compleve*presentarton 


OLstne probability Levels, 


Conclusion, The significant differences arising in 
speed scores and composite scores between the I.Q. groups 

seem hardly consistent enough to warrant rejection of hypothe- 
sis four, except in isolated cases, The most promising pat- 
tern of significant differences arises in the power score 
variable, Hypothesis four may he rejected with respect to 
this variable in each of the grades one, two, and three, The 
mean scores for the I.Q. groups with respect to this variable 
in grades four, five, and six were even farther apart than 


in the primary grades, However, the variation in scores rose 


so sharply in these grades that the large mean differences 
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61 
were not statistically significant, Figure 1, page 52, presents 


a graphic illustration of this situation, 


Hypothesis #5 


= See 


There is no significant difference between students 

aya 

Ca) Classification power score, 

(b) Classification speed score, 

(c) Composite classification score, 
in each of the grades one through six, 

The purpose of this hypothesis was to determine if 
there 1s, in fact, a continual improvement in the classifica= 
tion abilities of students (as measured by the methods of this 
study) from grade one to grade six, This hypothesis was also 
tested by the Scheff€ multiple comparison of means as calcu- 
lated by use of the ANOV15 IBM 360/67 computer program, The 
0.10 level of significance was used as a basis for the accep- 
tance or rejection of this hypothesis. Table IX, page 62, 
includes the mean, variance and standard deviation of each of 
the classification variables per grade, Table X, page 63, 
gives the Scheffé probability matrices for the multiple com- 


parison of classification score means for grades one to six, 


Classification power score, In no case was the mean 
power score of any grade found to be significantly different 
from that of any adjacent grade, However, every mean grade 
score was significantly different from at least two of the 


other non-adjacent grade scores, The grade one mean score 
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TABLE 1X 


MSAN, VARIANCE, AND STANDARD DEVIATION 
OF CLASSIFICATION SCORES PER GRADE 


i 30 29,90 L52en0 12e OG 

2 30 AA OF 826,59 20n le 

Power 3 30 62.03 950,66 3OfGa 
score 4 30 66.00 1a0,05 25.95 
5 30 84,50 i202 535 41.48 

6 30 92.01 2486.44 ote 5) 

Total 180 60,40 1410.68 aM als 

al 30 1.67 OF 0,84 

oe) 30 2.03 aro L 142 

Speed 3 30 1.33 O5 01 Onis 
score 4 30 1.30 0422 O, 47 
5 30 tes 0,44 O66 

6 30 1,18 05,33 OA 558 

Total 180 1,44 Oe? 0,89 

it 30 21 Be 186,47 134 060 

2) 30 3150 SOogH L 22,49 

Composite 3 30 64,10 2481.89 A9 ,82 
score 4 30 62 .83 1921.73 435,04 
5 30 99,57 6248 ,39 i OS 

6 0) 968,83 Dla ot 61,48 


Total 180 63,12 3321.07 57,63 
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TABLES X 


SCHEFFE PROBABILITY MATRICES FOR EACH OF 
THE CLASSIFICATION SCORES PER GRADE 


—— —— —— 


Variables Grade ] 2 3 4 5 6 


1 1. OOO" | O05 6GOB> 20,00 1a 0, 002 ar O. O0iN OL OO 1. 
2° 0,008 “1000's "0-205" O10 "O. O0lem Oro 
Power 30,000” 0405.) 31 000) 0. 909°SN 0-20 7mm O20 
score a> 07,008" 0,191 “707,999 |= 17,000) O42 oe O00 ts 
5 0,001 90.001) 02203 n0, 4230 000mm O60 
GO, 00l» "0.001 7 "OL 0205" O01 06%" 0. 60, 000 
il 10007 "OR 760." O.762) © Oe 0G 2 Oe2 ou storie 
BD #0760 | 15000" 707 077-0.054" =O .00om 40,013 
Speed 3 "“O, 102 "0.07 “1FO00 971,000 840,974. 0.094 
score Ay 0.106 0,055. T1000 Ses 000 SO, Oboe OL olG 
5 0.296 “00006 ~ O7914” §~01959" = 1000 = 1.000 
6 0.418 0.013 0.994 0.998 1.000 1,000 
1 12000) 0,990. 20,0650 0.00 lr. 0100 le yvO 2001 
BED "090 15000" O7261. (0027 | 10,001 0,00), 
Composite Se 0 O65 LOL cok 1000 02 OOO sO 1 Omen 
score We O208l  =Oraet 12000" l-000"— OflGl. Oslo 
Be. 0,001 902,001, 0.103 2.0 16) 1,000 1,000 
c= 0-001  ~OCOOL FO°294 Oe 1or tl 0008 1000 


Underlining indicates a significance at ar O10 Level 
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64 
was not significantly different from the grade two mean score, 
but it was lower than each of the grade three, four, five, and 
six mean scores at the 0,01 level of significance, ‘The grade 
two mean score, on the other hand, was significantly lower than 
the mean scores of only grades five and six, The grade three 
and four mean scores were both significantly different only 
from the grade one and six mean scores, The grade five mean 
score was significantly higher than both that of grade one and 
two, and the grade six mean score was significantly higher 
than each of the mean scores of grade one, two, three, and four, 

It was noticed that the three least significant dif- 
ferences in the mean power scores occurred between grades five 
and six (probability 0.960), grades three and four (probability 
0.999), and between grades one and two (probability 0.668). 
The same situation existed with respect to the scores on the 
other two variables as well, This seemed to indicate that a 
natural grouping would be achieved by: combining the scores 
of children in grade one with those of children in grade two 
to make one group, combining the children's scores in grade 
three and four to make a second group, and finally combining 
grade five and six scores to make a third group, This proce- 
dure was followed and the mean scores of each new group were 
again analysed by means of the Scheffé test (see Tables XI and 
XII, page 65). The results of this test showed that the power 
score means of the three new groups were each significantly 
different from the other two (ps0.01). On the basis of this 


information, hypothesis number five was rejected with respect 
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TABLE XI 


MEAN, VARIANCE, AND STANDARD DEVIATION 
OF CLASSIFICATION SCORES PER 
DOUBLE-GRADE GROUP 


———— eC 
——— 


Variable Group* N Mean Variance Oey 
1 60 otelo Sol eye) Bole 

Power a 60 Canon 627,95 ZO, tf 
score 3 60 88,58 1593727 39,92 
Total 180 63,45 1410.68 Pes) 

aR 60 LoS i ae | ke big 

Speed 2] 60 13h 0.41 0.64 
score 3 60 LG 0.38 0.61 
Total 180 1,44 Os¢9 eter) 

Ji 60 26,68 363,61 oO 

Composite 2 60 Go. at 2164.90 AG. Do 
score 3 60 99 .20 4929 .29 TO ,e | 
Total 180 Oona woe On Gs 


*Group 1 = = grades “one and two, 0, group 2 = = “grades” three and 1 four, 
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grades five and six, 
TABLE X11 
SCHEFFE PROBABILITY MATRACES FOR EACH 
OF THE CLASSIFICATION SCORES 
PER DOUBLE-GRADE GROUP 
Comparison of groups 

Variable i er2 Pie 3 2 & oO 
Power score Beer 2-005 0.005 
Speed score 0.00 . : 
Composite score 0.001 0.001 0.001 
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i SS 


Underlining indicates a significance at the 0.01 level 
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fo the power score variable for the double-grade groups. 


Classification speed score, Far fewer significant 
differences existed between the grades on the speed score 
variable, The high mean speed score for the second grade was 
Significantly different from those of grades three, four, five, 
and six, but no significant differences existed between any of 
the other grades with respect to this variable (see Table X, 
page 63), However, when grades one and two, three and LOU 
and five and six were grouped together and analysed by means 
of the Scheffé test, the grade one-two mean proved to be sig- 
nificantly larger than both the grade three-four mean and the 
grade five-six mean, The difference between the grade three- 
four mean and the grade five-six mean was not statistically 
significant. The means and probabilities discussed here are 
to be found in Tables XI and XII, page 65, On the basis of the 
preceding results, hypothesis five was rejected for the 
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Compe sttes Classi # leat Ones LO eee er ee 
composite score variable were similar to those of the power 
score variable, but with slightly fewer significant differ- 
ences, The grade one mean composite score was significantly 
lower than each of the mean composite scores of grades three, 
four, five, and six, The grade two score was significantly 
lower than that of grade five and six, The grade three and 


four scores were only significantly different from the grade 


one score. Both the grade five and six composite scores were 
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67 
significantly higher than those of grades one and two, 

When the grades were broken into double-grade groups, 
the mean score of each group was found to be very significantly 
different from those of the other two groups (p<0.0l). 

Tables XI and XII, page 65, summarize this information, On 
the basis of these results, hypothesis number five was rejected 


fous the double-grade groups with respect to this variable, 


Conclusion, Although significant differences were not 
found between each of the grades on each of the three variables, 
enough significant differences did exist to indicate a pattern 
of growth with respect to the power and composite variables, 
This growth pattern was found to be very significant when the 
children were grouped on the basis of double-grade groupings. 
BO ge ne May ber ec ue Une ee ee ee 


on the basis of this grouping technique, 


It was noted, in the comparison of single grades, 
that a “leveling-off" took place between grade three and four 
on each of the three variables, This situation is shown 
graphically in Figure a) fede 68 (for discussion of the 


significance of this phenomenon see page TOD 


DESCRIPTION OF THE CRITERIA USED 


The classifications performed by the children in the 
sample for this study made use of twenty-nine different cri- 
The three most popular criteria overall were those of 


teria, 


color, liquid vs. solid state, and grain size. In total number 
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Power and Composite Scores 


100 Wi eat aaa Score* ; 2.00 
90 \ 1.90 
80 1.80 

Power score 

70 ys tO 
60 1,60 
50 a0 
40 1,40 
30 1,30 
20 hs2O 
10 Nee) 

1,00 


I II NEEM IV V VI 


Grade 
*Use right-hand scale for speed score 


FIGURE 2 


MEAN POWER, SPEED, AND COMPOSITE 
SCORES PER GRADE 
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69 
of classifications, color and liquid vs. solid state were 
Very close with 165 to L6é3 classifications respectively. =) io 
determine true preference in this matter it was necessary to 
examine the order of choice for these criteria. It was then 
found that liquid vs, solid state was chosen first seventy- 
three times and second fifty-six times compared to forty-seven 
first and thirteen second choices for color, Thus, liquid vs. 
solid state seemed to be the most preferred criterion overall, 
Grain size remained a moderate third choice with thirty-two 
first choices out of a total of 147 classifications, For a 
complete list of the classifications used, as well as the 
total number of each by grade and sex, see Table XIII, page 
tO. 

In analysing criterion preference per grade, it was 
found in grade one and grade two that color was a slightly 
more popular choice, with eleven and thirteen first choices 
respectively, followed closely by liquid vs, solid state with 
ten. and eight first choices respectively, Grain jsize stall 
remained a clear third, In grade three, the liquid vs. solid 
criterion took the lead with twenty-nine total classifications, 
eleven of which were first choices, Color and grain size 
were close to being tied for second preference with color 
having nine first choices and a total of twenty-four compared 
to grain size with seven first choices and a total of twenty- 
six, The criterion of weight made a large gain in total 


choices, growing from nine total choices in grade two to 


twenty in grade three, In grade four the liquid vs. solid 
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TABLE XIII* 


NUMBER AND KINDS OF CRITERIA 
USED PER GRADE AND SEX 


Grade Totals 
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criterion gained in popularity, with thirteen first choices 
compared to six first choices for color and seven first choices 
for grain size, Weight still remained at twenty total choices, 
only one of which was a first choice. ~-Inggrade five, “the 
liquid vs, solid state and color criteria had about the same 
degree of popularity as in grade four, Grain size, however, 
dropped back to only three first choices out of a total of 
twenty-nine and was strongly challenged for third preference 
by the criterion of weight which also received three first 
choices out of a total of twenty-eight classifications. In 
grade six the liquid vs. solid state proved to he by far the 
most popular criterion with seventeen first choices, Grain 
size was next in popularity with eight first choices, Although 
all thirty grade sixes classified by color, only one used it 
for a first choice, Viscosity gained sharply in popularity 
from grade five to grade six, growing from fourteen total 
choices in grade five to twenty-five in grade six, Weight 
dropped back from the twenty-eight choices in grade five to 
twenty-one total choices in grade six, none of which were 
first choices, For a summary of these criterion preferences 
per grade see Figure 3, page 72. 

Within the total sample of children there seemed to 
be no significant difference in criterion preferences between 
boys and girls. With respect to Le0 a the criterion ot 
liquid vs. solid state was most popular in all three groups, 
The low I.Q. group, however, preferred color almost as much 


as the liquid vs. solid criterion with thirty total choices, 
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73 
twelve of which were first choices, compared to thirty-one 
total choices for liquid vs. solid state, thirteen of which 
were firsts, Color for the high I.Q., group was a remote 
second choice with six first choices compared with eighteen 
for the liquid vs, solid criterion, No other significant 
differences seemed to exist in the criterion PErcterence.. 02 


These OL® Groups: 
SUMMARY OF RESULTS 


Hypothesis number one examined the possibility of 
interaction existing between the variables of I.Q. and grade 
level, It was found that no significant interaction existed 
with respect to the power score variable and the speed score 
variable, - Thus, hypothesis one was not rejected for these 
two variables, There was a significant interaction, however, 
on the composite score variable, This seemed attributable to 
a disproportionately high composite score achieved by the 
grade six, low I.Q. group. Hypothesis number two also examined 
the possibility of interaction and found none between sex and 
grade for any of the three criterion variables, 

Hypothesis number three compared boys scores with 
those of girls in each of the grades one to six, In no case 
was there a significant difference between the boys and girls 
scores in any of the grades for any of the three criterion 
variables, 

Hypothesis number four compared the scores obtained 


by each of the three I.Q. groups in each of the grades one 
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74 
to six, On the speed score variable the only significant 
differences existed in grade five, Comparison of the com- 
posite scores resulted in significant differences being noted 
between I,.Q. groups in grades two, five, and six. The power 
score variable yielded significant differences between 1303 
groups in each of the grades one, two, and three, however, the 
differences in grades four, five, and six were not significant, 

Hypothesis number five compared the scores in each 
grade with those of each of the other grades. A significant 
growth pattern from grade one to grade six did emerge on the 
power and composite variables, When the first two grades as 
a group were compared with the second two grades and the third 
two grades, very significant differences were found between 
their means. 

The children in this study made use of twenty-nine 
different criteria in their classifications, Color was the 
most popular criterion in grades one and two, but liquid vs. 
solid state became the most popular criterion in grades three, 
four, five, and six, and was the most popular overall eriterion, 
There was no significant difference in criterion preference 
between boys and girls, With respect to T.Q. criterion pre— 
ferences it was found that the criterion of color was a much 
more popular second choice for the low L4Q0. -groupFthaneit was 
for the high I.Q. group. The criterion of liguid vs, solid 


state, however, was still the most popular choice for all 
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Chapter 5 


SUMMARY, CONCLUSIONS, IMPLICATIONS AND 


SUGGESTIONS FOR FURTHER RESEARCH 
SUMMARY 


The purpose of this study was to measure the classifi- 
cation abilities of children in grades one to six, This 
information was then used to examine the development of these 
abilities throughout the elementary school years, as well as 
to compare the criterion preferences of each particular grade 
with each of the other grades, 

This study was carried out on a sample of one hundred 
and eighty “elementary school students,” nanety cach) arom the 
Edmonton Public and County of Strathcona school systems, The 
sample was composed of thirty randomly selected students from 
each of the grades one to six, 

The I.Q. level for each child was assigned on the 
basis of I.Q. scores recorded on his cumulative record or on 
the recommendation of his teacher if such records did not con- 
tain the required information, Each student in the sample 
was tested individually by the investigator in a private 
room in the school the child attended, Each student was pre- 
sented with a set of twelve small bottles which he was asked 
to classify in as many ways as possible on the basis of the 
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76 
substances contained in them, The child was evaluated on the 
basis of the total number of classifications he made and on 
the average amount of time taken to complete this first five 
classifications (see page 41 for explanation), A score relating 
these two factors (the composite score) was then calculated, 

The data thus obtained were subjected to an analysis 
of variance calculated by means of the ANOVIO, 15, and 25 IBM 
360/67 computer programs provided by the Division of Educational 


Research Services of the University of Alberta. 
CONCLUSIONS 


The specific conclusions relating to each hypothesis 
are found in Chapter 4. On the basis of this information the 
following generai conclusions were formulated: 

The classification power score variable seemed to 
differentiate both the I.Q. groups and the grade levels better 
than the other two variables, With respect to I.Q., the high 
I.Q. groups seemed to score higher than the average I.Q. groups, 
and the average 1.Q. groups better than the low I.Q. groups 
with respect to this variable, This was especially true in 
the primary grades. An increase in power score variance in 
the upper elementary grades precluded many of the difi erences 
there from being statistically Significant, “Little diiierence 
in the time factor was found to exist between the I.Q. groups. 
Relatively fewer significant differences were found in the 
composite score variable than in the power score variable, 


It was also concluded that sex has no significance with respect 
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to classification abilities, 

Hypothesis number five provided some of the most 
significant results of the study, Comparison of each grade 
and of double-grade groups indicated that there is a gradual 
and continual significant improvement in classification 
ability extending at least to grade six, These results con- 
firm Croxton's (1936) findings even with regard to the increase 
in the range of scores in the higher grades, General agree- 
ment with Thompson (1941) also exists, although slightly 
higher average numbers of classifications for each group were 
found in this study. However, this discrepancy could well be 
attributed to the difference in the classification tasks 
presented, 

A curious finding, when comparison of grades was made, 
was the plateau which occurred between grades three and four 
on all three of the classification scores (see Figure 2, page 
68), This finding tends to corroborate those of Piaget (1964), 
who concluded that beyond the age of seven there is no signif- 
icant improvement in classification ability up to and including 
the age of nine (which was the age limit for his sample). 
Reichard (1944) also confirmed the existence of a plateau 
around the age of nine years. However, he went on to test 
children up to fourteen years of age and found no further 
increase in the number of classifications made, The results 
of the present study do not confirm these latter fingings, as 
a significant increase in the classification power score was 


found to take place between the fourth and the sixth grade, 
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The plateau found by Piaget, Reichard, and this study 
may well represent a transition period in the shift from the 
non-graphic stage to the stage of true classification as 
described by Piaget (1964), This shift would logically involve 
a lag in the improvement of classification abilities while 
the child learned to anticipate what previously he could 
only accomplish through trial-and-error, 

Since the objects which were required to be classified 
in this study differed markedly from those used in usual 
color-form preference tests, it was difficult to draw a com- 
parison between the results of the two forms of test. How- 
ever, color did have a significance in this task similar to 
its significance in other color-form preference tests, so a 
comparison of results was attempted on this basis, The pro- 
perty closest to “form” existing in the classification task 
associated with this study was that of grain shape. This 
criterion, however, did not enjoy any degree of popularity 
in any grade, The criterion that did seem to take the place 
of "form" in this classification task was that of liquid vs. 
solid state, It was found that grade one and two children 
most preferred color as a criterion while children above grade 
two most preferred the criterion of liquid vs. solid state. 
These results are similar to those of Thompson (1941) who 
found that her young group of children (grades one, two, and 


three) preferred color while the older group found other 


criteria just as easy to use as color, The results of this 


study, however, do not confirm the findings of Corah (1964) 
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or Suchman and Trabasso (1966), who concluded that children 
at least six years of age prefer form to color, The results 
of this study, unlike those of Kagan and Lemkin (1961), found 
sex to be of no significance in the criterion preference of 
children in the sample involved, nor was there any evidence 
of "meaning dominance" as found by Sigel (1954), 

The results of this study indicated that color was a 
stronger second choice criterion in the low I.Q. group than 
it was in the high I.Q. group, although both groups eons 
liquid vs. solid state as a first choice, 

It must be concluded that although there is a difference 
im~peruteriony preference: in diiferent i>grades.,, ithenéeelsimo,.,021— 
ference in criterion preference between the sexes and only a 


slight difference between the high and low I.Q. groups. 
IMPLICATIONS 


On the basis of this study, certain implications can 
be seen: 

The average number of classifications arrived at per 
grade were determined in the course of this study, These 
figures may be helpful as a rough comparison for the classifi- 
cation abilities of other elementary classes as determined by 
a similar classification task, This criterion average may also 
prove useful as a basis for measuring growth in the classifica-— 
tion abilities of children exposed to the new inquiry-based 
elementary science curriculum, The results of this study also 


imply that experiences designed to improve classification 
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80 
skills should continue to be presented throughout the elementary 
grades as no peak in classification ability is reached during 
this interval. 

Neither boys nor girls as a group need special atten- 
tion in classification skill development, however, low BQ; 
students, especially in the primary grades, may need special 
attention as they tend to lag behind the high I.Q. groups in 
classification abilities, While color was still a popular 
criterion, this investigation showed that children, even in 
the lower grades, are aware of a host of other physical pro- 
pertues which can be used as a basisnforrelagsiiveation. 
Experience with objects which exhibit many of these properties 
may prove to be interesting to students and may help to estab- 


lish a stimulating environment for the young science student, 
SUGGESTIONS FOR FURTHER RESEARCH 


This study showed that somewhat less of a relationship 
existed between intelligence and classification ability than 
might have been expected, Considering this as well as the 
limitations imposed by the nature of the I.Q. scores obtained 
for this study, it would seem worthwhile to undertake further, 
more detailed study of this relationship, This would neces- 
sarily involve administering an intelligence test solely for 
the purpose of the study and correlating the scores obtained 
with those of the classification task, 

The present study served mainly to give an indication 


of the present average classification ability of Gach of the 
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81 
elementary grades, The effect on classification ability of the 
implementation of the new elementary science curriculum, or 
other changes that may take place in the future, may be deter- 
mined by further research of a similar type, carried out approx- 
imately four years from the date of this study, The comparison 
of the results of such research with the results of this study 
may well indicate the change in classification ability that has 
taken place as a result of the implementation of curricular 
and/or other changes and innovations, 

The new elementary curriculum guide speaks of twelve 
process skills, classification being but one of these. To build 
up a significant hody of knowledge concerning all of the process 
skilic, rescarch Of a Similar type must be carrved out on cach 
of them. “One of the greatest problems anvolved an research 
regarding the more complex process skills is the development 
of adequate measuring devices. Much research and development 
work will have to be done before a total picture of process 
skills and their acquisition in the elementary school is 
obtained, 

Once this has been accomplished, more research will be 
needed to develop simple and effective measuring devices which 
can be administered to whole classes of children at one time, 
and which will give a complete profile of the developmental 
level of each of the process skills in each student. This 
investigation represents just the beginning phase of the 


total program of work needed to meet the challenge OL eva l- 


uating the process skills of science, 
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APPENDIX] A 


Process Skills (Methods of Inquiry) 
(Curriculum Guide, 1969, pp. 7-9) 


PROCESS 


Basic Processes 


Observing 


Classifying 


Quantifying 


Communicating 


Inferring 


Predireting 


DESCRIPTION OF BEHAVIOR 


The desired pupil behavior is increasing 
competence in using not only his sense of 
sight but also his other senses of hearing, 
touch, smell and taste, 


The desired pupil behavior is increasing 

competence in grouping articles, objects 

and ideas on the basis of some observable 
property or properties, 


The desired pupil behavior is increasing 
competence in measuring lengh, weight, 
area, volume, and rate of change of the 
physical world, 


The desired pupil behavior is increasing 
competence in describing an experiment so 
that an individual who has not seen it 
Gan carry it Out, 


The desired pupil behavior is increasing 
competence in drawing more than one in- 
ference from a set of data, demonstrating 
that interence can be tested by further 
observation, and demonstrating that an 
inference can be tested by applying known 
tests to the properties of objects. 
Pupils should indicate that they are able 
to distinguish between observations and 
inferences, 


The desired pupil behavior is increasing 
competence in conducting experiments to 
test predictions of relationships between 
two measurable quantities. 
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Integrated Processes 


Formulating 
Hypotheses 


Making 
Operational 
Definitions 


Controlling and 
Manipulating 
Variables 


Interpreting 
Data 


Formulating 
Models 


Experimenting 


The desired pupil behavior involves devel- 
oping increasing competence in stating a 
hypothesis regarding causes of a phenomenon 
or the relationship between two variables, 
A hypothesis tells how to observe an ex- 
pected outcome of an experiment, 


The pupil should demonstrate increasing 
competence in stating the minimum things 
to do or look for in order to identify 
the subject being defined, 


The desired pupil behavior is increasing 
competence in arranging conditions so as 
to be able to deliberately control and 
manipulate objects or conditions in an 
experiment, 


The desired pupil behavior is increasing 
competence in getting the most out of data 
without over-simplifying, drawing con- 
clusions supported by the data, and con- 
sidering alternative explanations, 


The desired pupil behavior is increasing 
competence in building both physical and 
mental models to account for phenomena, 


The desired pupil behavior is increasing 
competence in planning, conduction and 
communicating experiments in which the 
problem is clarified, hypotheses are stated, 
observations are made, and data is inter- 
preted, This process depends upon the 

pupil being able to use all of the other 
PrOCESSES.. 
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APPENDIX B 


Data Sheet 
epee Name 
School . 
Grade Sex £0. 
Fower core peed ocore Composite Score 
Ornate Tilia Order Time Mis, Groupings 
color 


grain shape 
grain size 
weight 
ic Lassi 
solid state 
metals 
viscosity 
odour 


taste 


touch 
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